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PREFACE. 



Abithmetic is probably one of the most poorly taught 
of the common school branches. The texts in common 
use are chiefly at fault. They burden the learner with 
so great a number of minor details and useless applica- 
tions as to render it impossible for him to unify the lesser 
truths about the greater. Thus the pupil fails not only 
of a competent practical knowledge of the subject, but 
also of the highest discipline which is the outcome of 
mastery alone. The method, therefore, adopted in this 
treatise is the Intensive. Clearness, however, has in no 
case been sacrificed to conciseness; but, on the contrary, 
it is believed that the treatment in general, and the demon- 
strations in particular, will be found to be not simply brief 
but at the same time pointed and luminous. 

The Vertebral Principle of the book is Ratio. This, 
the Newtonian conception of number, not only imparts 
a new dignity and importance to Proportion as making 
it sustain the same relation to Arithmetic that the Equar 
tion does to Algebra, but also integrates the several mem- 
bra! divisions of Arithmetic into the strictest unity. The 
book will therefore be found to be easy of thorough mastery 
— the first desideratum in a text. 

ui 



IV PBBPACB. 

The presentation of Fractions in the Concrete (Chapter 
from the Primary Arithmetic) as integers of lower orders 
of units will make the transition from the integral to the 
fractional idea easy and natural. This method of intro- 
ducing fractions proper is altogether natural. The news- 
boy "handles" coppers, nickels, dimes, quarters, and halves 
with as little difficulty as the grocer measures syrup or 
vinegar by the gill, pint, and quart — and all the while 
unconscious of dealing with fractions. 

BOTHWELL GRAHAM. 
Athens, Ga., 1896. 
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CHAPTER I. 

NOTATION AND NUMEEATION. 

Art. 1. Quantity is the amount or extent of anything. 

2. A Unit is a standard in terms of which a quantity is 
measured. A unit is one ; that is, one time or once the stand- 
ard of measure. ^ 

To measure the length of a floor in terms of the yard- 
stick, it would be necessary only to find how many times the 
standard of measure could be applied to the longer side of 
the floor. Suppose it to be applied five times, then the 
length of the floor is five yards. The unit in this case 
is not one yard, but once, or one time a yard ; and the num- 
ber is not five yards, but five, or five tinies a yard. 

3. A Number is the measure of a quantity in terms of a 
unit, natural or assumed. It is the " how many " times, and 
expresses merely the relation, or ratio, which one quantity 
bears to another of the same kind used as the unit, or 
standard of measure. In 5 apples, 3 quarts, 5 and 3 are 
numbers. The unit in the first example is one apple, — a 
natural unit; in the second, one quart, — an assumed or 
conventional unit. 
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2 COMMON SCHOOL ARITHMESTIC. 

More accurately, the imits areE once, or one time an apple, 
onc^y or one time a quart. CcMiFersely, 1 apple, 1 quart, 
may be measured in terms of 5 apples, 3 quarts ; and the 
comparison will yield the numbers \, ^, known as recipro- 
cals, respectively, of 5 and 3. They are likewise distin- 
guished, the latter as whole numbers, or Integers; the former, 
as Fractions, These two ideas, the integral and its frac- 
tional reciprocal, are both fundamentally involved in every 
number as converse terms of the same relation. An apple 
becomes one apple only through an implied reference to 
two or more apples; and a collection of apples, say 5 
apples, becomes such only through an implied reference to 
one apple. That is, the fundamental idea in number is 
ratio. This appears clearly in the names of fractional num- 
bers ; as, one-half, one-third, four-fifths, etc. 

4. But while a number primarily signifies ratio or com- 
parison, it may secondarily imply aggregation or grouping ; 
as, 5 grapes suggests a cluster of 5 grapes. Hence, in a 
secondary sense, a number is a unit or a collection of units. 

[This definition implicitly contemplates the group as a unit of a 
higher order.] 

5. For convenience larger quantities are usually measured 
in terms of two or more units of different orders which 
bear a fixed and constant relation to each other. Such 
numbers are properly called Compound. Nineteen quarts is 
more readily thought in terms of two orders of units; as, 
4 gallons, 3 quarts. Twenty-five is two tens, five. 

6. A number whose kind of unit is expressed, is said to 
be Concrete ; as, 2 boys, 8 sheep, 13 oranges. 

7. A number whose kind of unit is not expressed, is said 
to be Abstract ; as, 3, 7, 10. 
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8. A number expressed in related concrete units of differ- 
ent orders is called Compound Denominate ; as, 3 shillings, 4 
pence, 2 farthings ; 3 weeks, 5 days, 23 hours. 

9. Numbers may be increased, diminished, repeated, par- 
titioned ; hence arise Addition, Subtraction, Multiplication, 
Division, — the fundamental operations of Arithmetic. 

10. To simplify computation, symbols are used to repre- 
sent numbers, and signs to represent the operations to be 
performed on them. 

The method of expressing numbers in symbols is called 
Notation ; and that of reading them, when thus expressed. 
Numeration. 

There are two systems of Notation in common use, — 
the Arabic, which uses figures, and the Roman, which uses 
letters. 

U. The Arabic employs ten characters, or figures. 



They are : 


zero. 


2, two. 


6, six. 





cipher. 


3, three. 


7, seven. 




. naught. 


4, four. 


8, eight. 


1, 


one. 


5, five. 


9, nine. 



12. These are the only abstract; numbers really simple; 
that is,, that are thought in the single primary unit and ex- 
pressed in a single figure. Larger numbers are thought in 
their several orders of units, and are expressed in a corre- 
sponding number of figures, so placed as to indicate the 
order of these units. 

Table of Relations. 

13. Ten Units make a Ten (Unit of second order). 
Ten Tens make a Hundred (Unit of third order). 

Ten Hundreds make a Thousand (Unit of fourth order). 
Etc. Etc. 
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14. Law of Place. — Each figure occupies tfiat place, 
counting from the right, that correaporids in number with the 
order of its unit, 

15. The simple value of a figure is its value in simple 
units, without reference to its ordinal value. 

16. The local value of a figure is that ordinal value which 
it acquires through the operation of the following 

General Principle. — The value of a figure is multiplied 
by ten by each removal one place to the left, and divided by ten 
by each removal one plaice to the right. 

17. Zero, or naught, has no value, and is simply used to 
denote the absence of an order, or orders, of units ; as, 500 
denotes 5 units of 3d order, no units of 2d, no units of 1st. 



18. Table Illustrating the Arabic System op 
Notation and Numeration. 



Periods 
Number. 


8th. 


7th. 

c 
c 

1. 

«» 

ill 

I H D 


6th. 


5th. 


4th. 


3d. 


2d. 


1st. 


Periods 
Names. 


Hundreds 1 

Tens y Sextillions 

Units J 




c 


Hundreds 

Tens [ Billions 

Units j 


Hundreds ] 

Tens ]■ Millions 

Units J 


Hundreds 

Tens y Thousands 

Units J 


.5 

c 
D 


Orders. 


Hundreds 

Tens 

Units 


Hwndreds 

Tens 

Units 


Hundreds 

Tens 

Units 




975 


3 10 


246 


8 13 


756 


073 


400 


642 



This number is read nine hundred seventy-five sextillions, 
three hundred ten quintillions, two hundred forty-six quad- 
rillions, eight hundred thirteen trillions, seven hundred 
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fifty-six billions, seventy-three millions, four hundred thou- 
sands, six hundred forty-two. 

19. The table may be extended from sextillions to sep- 
tillions, octillions, nonillions, decillions, etc.; but these 
higher orders of units have little or no practical utility. 

Note. — The pupil should name the periods in order, forward and 
backward, until the sequence in both directions is firmly fixed in the 
mind. 

EuLE FOR Notation. 

20. I. Begin at the left hand and write the figures belonging 
to the highest period. 

II. Write the figures of each successive period in its order. 



KuLE FOR Numeration. 

21. Beginning at the right hand, separate the number into 
periods of three figures each. From the left hand, read each 
period separately, giving the name of each period except the 
last 

22. Read the following in terms of their several orders 
of units, and then in terms of their primary units : 



56 


80 


100 


333 


76 


93 


127 


341 


34 


19 


156 


667 


43 


86 


173 


765 


36 


89 ' 


137 


892 


57 


27 


.163 


963 


73 


32 


276 


999 
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23. Prepare the following numbers for reading by copy- 
ing and pointing off into periods ; then read them : 



5130 


87642 


565326 


7242 


93001 


743644 


6402 


90034 


999999 


8200 


86371 


876643 


9041 


97631 


123466 


7643 


86420 


100001 


3005 


78563 


173968 


5073 


82756 


194763 


9683 


98766 


346643 


65304225 




1927623704 


72643756 




9642013679 


90000000 




8430004764 


95325636 




9643789425 


87246731 




6789346578 


89400301 




7000000000 


76434728 




8000000003 


99999999 




7135796846 


88333656 




6478967837 


86021346 




94787246678 


79489879 




36842463750 


83467067 




19876642100 



501413030400300200001 
430000000000000001010 
222200020002990009999 
384792840004678789421 
764694378946768943007 
996753301472689007843 
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24. Express in the Arabic notation : 

1. Five hundred six. 

2. Seven hundred nineteen. 

3. Forty-seven thousand, sixteen. 

4. Ninety-four thousand, seven hundred thirteen. 

5. Six hundred thousand, seventy-five. 

6. Nine hundred thousand, six hundred forty-three. 

7. 972 thousand, 743. 

8. Four hundred sixty-five thousand, three hundred thirty- 

five. 

9. Eight hundred thousand, eight. 

10. Thirty-three million, thirty-three thousand, thirty-three. 

11. Three hundred million, thirty thousand, three. 

12. Five hundred sixty-seven million, seven hundred eighty- 

four thousand, six hundred ninety-five. 

13. Five billion, fifty million, five hundred thousand, five. 

14. Four hundred twenty billion, three hundred sixty-one 

million, one hundred eleven thousand, nine hundred 
eighty-seven. 

16. Six hundred trillion, seven hundred forty-three million, 
four hundred seventy-five thousand, one hundred 
thirty-three. 

16. Seven hundred twenty-nine trillion, six hundred thirteen 

billion, twelve million, two thousand, one. • 

17. Eight hundred eighty-eight trillion, six hundred sixty- 

six billion, five hundred fifty-five million, four hun- 
dred forty-four thousand, three hundred thirty-three. 

18. Nine trillion, ninety billion, nine hundred million. 
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19. Five hundred fifty-five trillion, fifty-five million, five. 

20. 771 trillion, 842 million, 964. 

21. 35 billion, 47 thousand. 

22. 67 trillion, 63. 

23. 87 trillion, 3 billion, 50 million, 200 thousand, 6. 

24. 11 thousand, 11 hundred 11. 
26. 12 thousand, 12 hundred 12. 
26. 18 thousand, 18 hundred 18. 

25. The Roman notation employs these seven capital 
letters : 

1= 1, L= 50, 

V= 5, C=100, 

X = 10, D = 500, 

M = 1000. 

All numbers may be expressed by combining these seven 
letters according to the following laws : 
I. Repeating a letter repeats its value. 
II. When a letter of less value follows one of greater value^ 
its value is added to that of the greater. 

III. When a letter of less value precedes one of greater 
value, its value is subtracted from that of the greater. 

IV. WJien a letter of less val^ie comes between two letters 
each of greater value, its value is subtracted from thxxt of the 
latter, and the result added to the former. 

V. A bar placed over a letter multiplies its value by 1000. 



11 = 2. 


XIV = 14. 


DC = wli 


lat? 


Ill = 3. 


XIX = 19. 


MDC = • 




IV = 4. 


XVI = 16. 


X= ' 




VI = 6. 


XXX = what? 


MI>CC= ' 




vn = 7. 


XL= " 


MDCCCXCV = ' 




vni = 8. 


xc= « 


M= « 




IX = 9. 


ccc = « 


MDC= « 
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CHAPTER II. 
ADDITION AND SUBTE ACTION. 

26. Addition is the counting together of two or more 
numbers. Subtraction is the counting off of one number 
from another. 

Or, Addition is the process of finding a single number that 
is equal to two or more given numbers. The numbers 
added are called Addends ; the result obtained, the Sum. 

27. Subtraction is the process of finding the difference 
between two numbers. The number to be diminished is 
called the Minuend ; that to be subtracted, the Subtrahend ; 
and the result, the Difference, or Remainder. 

28. Addition and subtraction are converse processes, and 
each process may be verified by the other. 

29. The sign of addition is a perpendicular cross, written 
thus, +, and called Plus (more, or increased by). 

30. The sign of subtraction is a horizontal line, written 
thus, — , and called Minus (less). 5 + 3 = 8 is read, "5 plus 
3 equals 8." 8 — 3 = 5 is read, "8 less 3 (or 8 diminished 
by 3) equals 5.'' 

3L Find the sum of 48 and 35. 

OPERATION (a). OPERATION (6). 

48 48 

35 35 

13 83 

7_ 
83 

Explanation. — 1. Write the addends so that units of the same 
order shall fall in the same vertical column. 
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2. Begin at the right and add the figores of the first column, thus, 
5, 13 ; 13 is 1 ten and 3 units. Write the 3 units under the first or 
units' column, and the 1 ten under the second column (as in opera- 
tion a) ; or ** carry" the 1 ten and add to the lower figure of the 
second column (as in operation b). 

3. (In operation a.) Add the figures of the second column, thus, 
3, 7. Write the 7 tens under the 1 ten. The sum is 1 ten and 7 tens 
(8 tens) 3 units, 83. 

(In operation 6.) Add the second column thus, 1 (carried) 4, 8. 
Write the 8 tens under the second column. 

4. The sum of 48 and 35 is therefore 83. 

32. Rule for Addition. 

I. Write the addends so that units of the same order shaU 
f stand in the same column. 

II. Begin with the units^ column and add each column sepa- 
rately. If its sum is less than ten, write it under the column 
* added. 

III. If the sum of any column is ten or more, write the 
first, or right-hand figure, only, and " carry " the other figure, 
or figures, to the next column. 

IV. Write the sum of the last column. 

33. Proof. — Subtract either addend from the sum ; the 
result will be the other addend(s). 

34. Find the difference between 83 and 48. 

OPERATION. 

83 = 70 + 13 
48 = 40+ 8 
35 = 30+ 5 

Explanation. — 1. Write the less number under the greater, plac- 
ing units under units, tens under tens, etc. 

2. Begin at the right hand to subtract. 

3. As 8 units cannot be taken from 3 units, "borrow" 1 ten, 
which equals ten units, from 8 tens ; 10 units and 3 units = 13 units ; 
13 units less 8 units = 5 imits : write the 6 units in the units* place. 

4. 7 tens less 4 tens = 3 tens, which is written in the tens* place. 

5. Therefore the difference between 83 and 48 is 35. 
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35. EuLE FOR Subtraction. 

I. Write the subtrahend under the minuendy units under 
units, tens under tens, etc. 

II. Begin at the right hxmd and subtract ea^ih figure in the 
subtrahend from the one ahove, if it can be done, and set the 
remainder underneath. 

III. If any figure in the subtrahend is greater than the 
figure above, add ten to the figure of the minuend before sub- 
tracting, and make the next figure of the minuend one less. 

36. Proof. — Add the difference to the subtrahend; the 
sum will equal the minuend. 

37. Examples for Practice. 

1. 376 + 459 + 378 + 294 + 168 + 397. 

2. 212 + 319 + 173 + 896 + 742 + 326. 
8. 376 + 249 + 596 + 637 + 892 + 676. 
4. 946-753; 684-486; 733-336. 
6. 1296 + 3476 + 6942 + 8911+3377. 

6. 3246 + 6789-3424 + 6469 + 7243. 

7. 5964 + 8972-7846 + 8976-9673. 

8. 1124 - 836 ; 7259 - 5468 ; 8743 - 5371. 

9. 1678-943; 1600-978; 9204-3879. 
10. 7359 + 6742 - 9872 ; 8430 - 6457. 

11. 12. 

1653041 47296432 

8903714 27638976 

8761043 27660005 

1439177 84579853 

9346825 35246782 

4122681 • 96678930 

1055837 45678910 

2464123 32146836 



la 
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. 18. 8794-7461; 9857-4507. 
14. 892-283; 800700-276541. 
16. 987664321-123456789. 

16. 1000000-1; 1000000-999999. 

17. 1000000 - 66409 ; 999888209 - 444665902. 
Find the sum of the following : 



18. 


19. 


20. 


1697643 


3764297 


47333268 


2067893 


4636729 


76431942 


2467820 


8412346 


94266873 


1367864 


6789047 


14217116 


2789437 


9876643 


91864067 


8426789 


2100047 


68673246 


6738659 


9653042 


13436423 


5378247 


8756453 


66328947 


21. 




22. 


24463164 




347896721 


21767864 




892136789 


12349234 




372184796 


64264392 




874347664 


76332456 




724646974 


96427345 




964736861 


97646201 




872964692 


73564672 




333472964 


89346792 




769893846 


89464729 




693744872 


93483036 




943784346 


39400287 




871672593 
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23. 




24. 


25. 


824673124 




942678943927 


468937 


764371942 




126724326278 


641272 


567893741 




842126427832 


486573 


964789421 




872446502163 


724237 


731642583 




426732088686 


427843 


583729647 




764234923864 


789264 


781964592 




455587527621 


342844 


892789300 




724326832987 


427768 


946207351 




437523431627 


342145 


742663001 




642634853921 


273642 


166734221 




214875246736 


898432 


724567250 




441467637542 


246389 


934676402 




234426732892 


262464 


874667876 




637230242757 


932481 




26. 


27. 






643781669 


46%73421 






731954643 


896427871 






789346672 


764693479 






246678924 


876425731 






934676472 


407087346 





28. 52673052-40658213. 

29. 123614208-42397406. 

30. 328347675-5536076. 

31. 104202196-8592678. 

32. 186230410075 - 8599190074. 

33. 637230242757 - 23442673282. 

34. 934576402-898432. 
36. 5772943843-24439997. 
36. 942678943927 - 824673124. 
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CHAPTER III. 
MULTIPLICATION AND DIVISION. 

38. Multiplication is the process of taking one number as 
many times as there are units in another. 

39. Division is the process of taking one number as many- 
times as there are units in the redprocal of another. 

40. The Multiplicand is the number multiplied. 

41. The Multiplier is the number multiplied by. 

42. The Product is the result obtained by the multiplica- 
tion. 

43. The multiplier and multiplicand are called Factors of 
the product. 

44. The Dividend is the number divided. 
46. The Divisor is the number divided by. 

46. The Quotient is the result obtained by division. 

47. The Remainder is the part of the dividend left undi- 
vided. 

48. The Sign of Multiplication is the oblique cross [ x ]. 
It is read " times '' or " multiplied byJ^ Thus, 3 x 5 is read 
" 3 times 6," or " 3 multiplied by 5," according as 3 is con- 
sidered the multiplier or the multiplicand. 

49. The Sign of Division is a horizontal line with a dot 
above and a dot below [-s-]. It shows that the number 
that precedes it is to be divided by the number that follows 
It. Thus, 40 -h 4 is read " 40 divided by 4." 
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50. Division is also indicated by writing the dividend 
above a line and the divisor below it. Thus, ^ shows that 
40 is to be divided by 4. It may also be written \ of 40. 

5L Multiplication and division are the reciprocal of each 
other, in the same sense that an integer is the reciprocal of 
a fraction. 

For in measuring a quantity in terms of a standard, which 
process gives rise to number, the unit is repeated, taken a 
given number of times ; that is, multiplied. 

Let the result obtained be 3. Then the quantity measured 
stands to the unit as 3 to 1, or it is 3 times the unit. 

Conversely, when the unit is measured in terms of the 
given quantity, the result ^ is obtained. That is, an inte- 
ger is a product and its reciprocal fraction a quotient. 

As in repeating a unit of measure we multiply it, so in 
multiplying a number we repeat it as a higher unit. 

To multiply 5 by 3, we take 5 three times, which yields 
the result three 5's. And this expressed in primary units 
is 15 ; but the true product is three 5's, and not its reduced 
form 15. The reduction is accomplished by adding three 
6's together; whence some have defined multiplication to 
be a short method of addition of equal numbers. 

In the true product (three 5's), 6 is the unit or multipli- 
cand, and 3 is the multiplier. Here we have measured a 
quantity in terms of 5, and since we have taken the unit 
3 times, we have multiplied it by 3. 

The converse process, to measure the unit 5 in terms of 
the product, three 5's, gives as the quotient ^ of three 5's. 
Hence, to multiply by 3, the quantity multiplied is taken 
3 times ; to divide by 3, the quantity divided is taken ^ time, 
or is multiplied by ^. 

To THB Teacher. — Take special pains that the pupil may get a clear 
notion of the reciprocal. To this end, fully illustrate it by examples ; 
as, a yard measured in terms of a foot gives 3, an integer ; and con- 
versely a foot measured in terms of a yard gives |, a fraction. Bring 
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the papfl to see that an integer and the reciprocal fraction are simply 
eonyene terms of the same relation, that we cannot recognize the 
relation of 8 to I, without being, at the same time, conscious of the re- 
lation of 1 to 3. It will then be easy to lead him to dee that multipli- 
cation and division are, also, in the same sense, converse faces of 
the same idea. 

52. To take a quantity a part of a time is to take a part 
of the quantity ; therefore, division may be defined as the 
process of separating a quantity into a number of equal 
parts. Or, since a number may be separated, or partitioned, 
into a number of equal parts by finding how many times 
the number will contain the number of parts, division may 
be defined to be the process of finding how many times one 
number is contained in another. 

Example. — Let it be required to separate 12 apples into 4 equal 
parts or parcels. Each parcel will get 1 apple of every 4 apples ; 
therefore, in each parcel there will be as many times one apple as 4 
apples is contained times in 12 apples, which is 3. That is, 1 of the 
4 equal parts of 12 apples is 3 apples. 

To find how often one number is contained in another is 
properly nothing but a reduction. 12 is twelve I's, and to 
find how many 4's are in 12 is to express 12 in terms of 4; 
12 is three 4's. 

53. The three methods of division may conveniently be 
distinguished as Division Proper (converse multiplication), 
Partitive Division (partitioning), and Eeductive Division. 

To THE Teacher. — The actual process of division may, perhaps, 
be more readily learned when it is explained in terms of the reduetive 
method ; but its practical applications become much more difficult by 
reason of the unnecessary circumlocution introduced into the logical 
procedure. If you are skeptical, require your clai^ to divide 12 
apples among 4 boys by the reductive method, and then ask, what is 
your divisor, 4 boys or '4 apples ? Why ? What is your quotient, 3 
apples or 3 (abstract) ? If your quotient is abstract, how do you 
obtain 3 apples as each boy's share ? The process of each method 
will be explained, and the teacher may adopt the one of his choice. 
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54. MuLTIPLICATIOir AST} DiTISIOIT TABLE. 

2x 1= 2 ix 2= 1 3x 1= 3 ix 3= 1 

2x 2= 4 |x 4= 2 3x 2= 6 |x 6= 2 

2x 3= 6 |x 6= 3 3x 3= 9 |x 9= 3 

2x4=8 ^x8=4 3x4 = 12 ixl2=4 

2x5 = 10 1x10=6 3x6 = 16 ixl6=6 

2x6 = 12 ^xl2=6 3x6 = 18 ixl8=6 

2x7 = 14 ixl4=7 3x7 = 21 ^x21=7 

2x8 = 16 ixl6=8 3x8 = 24 ix24=8 

2x9 = 18 1x18=9 3x9 = 27 ix27=9 

2 X 10 = 20 ^ X 20 = 10 3 X 10 = 30 J x 30 = 10 

2 X 11 = 22 i X 22 = 11 3 x 11 = 33 ^ x 33 = 11 

2x12 = 24 ^x24 = 12 3x12 = 36 ix36 = 12 

4x 1= 4 ix 4= 1 6x 1= 6 ix 5= 1 

4x2=8 ix8=2 5x2 = 10 ixl0=2 

4x3 = 12 |xl2=3 5x3 = 16 ixl6=3 

4x4 = 16 ixl6=4 6x4 = 20 ix20=4 

4x6 = 20 ix20=5 5x5 = 26 |x26=5 

4x6 = 24 ix24=6 5x6 = 30 |x30=6 

4x7 = 28 ix28=7 6x7 = 35 ix35=7 

4x8 = 32 ix32=8 6x8 = 40 ^x40=8 

4x9 = 36 ix36=9 5x9 = 45 ix46=9 

4 X 10 = 40 i X 40 = 10 6 X 10 = 50 | x 50 = 10 

4x11 = 44 ix44 = ll 6x11 = 65 ix66 = ll 

4x12 = 48 ix48 = 12 5x12 = 60 ix60 = 12 



18 COMMON SCHOOL ABITHMBTIC. 

6x 1= 6 ix 6= 1 7x 1= 7 |x 7= 1 

6x2 = 12 |xl2=2 7x2 = 14 |xl4=2 

6x3 = 18 ixl8=3 7x3 = 21 |x21=3 

6x4 = 24 |x24=4 7x4 = 28 |x28=4 

6x6 = 30 |x30=5 7x6 = 36 |x36=6 

6x6 = 36 ix36=6 7 x 6 = 42 |x42= 6 

6x7 = 42 |x42=7 7x7 = 49 |x49=7 

6x8 = 48 |x48=8 7x8 = 66 |x66=8 

6x 9 = 64 |x64= 9 7x 9 = 63 |x63= 9 

6 X 10 = 60 I X 60 = 10 7 X 10 = 70 | x 70 = 10 

6x11 = 66 I X 66 = 11 7x11 = 77 |x77 = ll 

6 X 12 = 72 I X 72 = 12 7 x 12 = 84 | x 84 = 12 

8x 1= 8 |x 8= 1 9x 1= 9 ^x 9= 1 

8x2 = 16 ixl6=2 9x2= 18 ^xl8=2 

8x3 = 24 ix24=3 9x3= 27 |x27=3 

8x4 = 32 |x32=4 9x4=36 ix36=4 

8x6 = 40 |x40=6 9x6=46 ix46=6 

8x6 = 48 ^x48=6 9x6=64 ix64=6 

8x 7 = 66 |x66= 7 9 x 7 = 63 |x 63= 7 

8x8 = 64 |x64=8 9x8= 72 |x72=8 

8x9 = 72 |x72=9 9x9= 81 |x81=9 

8 x 10 = 80 i X 80 = 10 9 X 10 = 90 | x 90 = 10 

8x11 = 88 I X 88 = 11 9x11= 99 ^ x 99 = 11 

8 X 12 = 96 i X 96 = 12 9 x 12 = 108 ^ x 108 = 12 
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10 X 1= 10 ^X 10= 1 11 X 1= 11 tVx 11= 1 

lOx 2= 20 ^x 20= 2 llx 2= 22 -^x 22= 2 

lOx 3= 30 ^x 30= 3 llx 3= 33 ^^x 33= 3 

lOx 4= 40 ^x 40= 4 llx 4= 44 ^x 44= 4 

lOx 6= 60 ,>px 60= 5 llx 6= 66 ^x 66= 6 

lOx 6= 60 ^x 60= 6 llx 6= 66 ^^x 66= 6 

lOx 7= 70 -iVx 70= 7 llx 7= 77 ^x 77= 7 

lOx 8= 80 ^x 80= 8 llx 8= 88 t^x 88= 8 

lOx 9= 90 ^x 90= 9 llx 9= 99 ^x 99= 9 

10x10=100 jifX 100=10 11x10=110 ,1^x110=10 

10x11=110 ^xllO=ll 11x11=121 1^^x121=11 

10x12=120 tVx 120=12 11x12=132 ^x 132=12 

12x 1= 12 ^x 12= 1 12x 7= 84 ^x 84= 7 

12x 2= 24 ^x 24= 2 12x 8= 96 ^x 96= 8 

12x 3= 36 tVx 36= 3 12x 9=108 ,1^x108= 9 

12 X 4= 48 tVx 48= 4 12x10=120 ^x 120=10 

12 X 6= 60 T>jx 60= 6 12x11=132 1^^x132=11 

12 X 6= 72 T>jx 72= 6 12x12=144 ^^x 144=12 

SS. Let it be required to multiply 473 by 26. 

OFEKATION. 

473 multiplicand. 
26 multiplier. 
2366 product of 6 times the multiplicand. 
946 product of 20 times the multiplicand. 
11826 product of 26 times the multiplicand. 
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Explanation. — 1. Write the multiplier under the multiplicand 
80 that the units shall stand under units, tens under tens, etc. 

2. Begin at the right to multiply. 

8. Five times 3 are 16 ; 16 is 1 ten 6 units ; write the units in the 
units* place and " carry ** the 1 ten to be added to the product of the tens. 

4. Five times 7 tens are 36, which with the 1 ten " carried*' are 36 
tens ; 36 tens = 3 hundred 6 tens ; write the 6 tens in the tens* place 
and ** carry " the 3 hundred to the product of the hundreds. 

6. Five times 4 hundred are 20 hundred, which with the 3 hundred 
"carried" are 23 hundred; 23 hundred = 2 thousand 3 hundred; 
write the 3 hundred in the hundreds' place and the 2 thousand in 
the thousands' place. 

6. Multiply by 2 tens, the second figure of the multiplier ; 2 tens 
times 3 = 3 times 2 tens, which is 6 tens ; write the 6 tens in the tens' 
place. 

7. Two tens times 7 tens = 14 hundred ; 14 hundred = 1 thousand 
4 hundred ; write the 4 hundred in the hundreds' place and ** carry " 
the 1 thousand to the product of the thousands. 

8. Two tens times 4 hundred = 8 thousand, which with the 1 thou- 
sand carried are 9 thousand ; write the 9 thousand in the thousands' 
place. 

9. Lastly, add the partial products 2366 and 9460, which give the 
total product, 11826. 

10. Hence, the product of 473 multiplied by 26 is 11826. 

56. Rule fob Multiplication. 

I. Write the multiplier under the multiplicand so that 
units shall stand under units, tens under tens, etc, and begin at 
the right to multiply, 

II. Multiply each figure in the multiplicand in succession 
by each figure of the multiplier, and write the first figure of 
each partial product directly under the figure by which you 
multiply. Carry as in addition, 

III. Add the partial prodv^cts, and their sum wUl be the 
required product, 

57. Proof. — Since division is the reciprocal of multi- 
plication, the product divided by either factor will give the 
other factor. 
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58. Required the quotient of 2365 divided by 5. 

OPERATION. 

5 )2365 
473 

Explanation. — 1. Write the divisor at the left, and begin at that 
side to divide. 

2. One-fifth of 2 thousand is not an entire thousand; reduce 2 
thousand to 20 hundred and add 3 hundred, which gives 23 hundred ; 
one-fifth of 23 hundred is 4 hundred, with a remainder of 3 hundred ; 
write the 4 hundred in the hundreds' place, and add 3 hundred (30 
tens) to the 6 tens, which gives 36 tens. 

3. One-fifth of 36 tens is 7 tens, with a remainder of 1 ten. Write 
the 7 tens in the tens' place, and add the 1 ten (10 units) to the 6 
units, which gives 15 units ; one-fifth of 16 units is 3 units. Write the 
3 in the units' place. 

If there should be a remainder, write it over the divisor. 
Hence the quotient of 2366 divided by 6 is 473. 

59. Proof. — Since division is the converse of multipli- 
cation, the quotient multiplied by the divisor, with the 
remainder added, will give the dividend. 

60. When the products and remainders in division are 
not written, as above, the process is called Short Division ; 
when they are written, as below, the process is called Long 
Division. 

61. Let it be required to find the quotient of 11826 
divided by 25. 

OPERATION. 

25)11825(473 
100 

^82 
175 

'^ 
75 
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Explanation. — 1. Write the divisor at the left of the dividend, 
as above. 

2. One twenty-fifth of 118 hundred is 4 hundred, with a remainder 
of 18 hundred ; or 25 is contained in 118 hundred 4 hundred times, 
with a remainder of 18 hundred. Write the 4 hundred in the hun- 
dreds* place in the quotient, at the right of the dividend, and to the 
remainder, 18 hundred (180 tens), annex the 2 tens of the dividend, 
making 182 tens. 

8. One twenty-fifth of 182 tens is 7 tens, with a remainder 7 tens ; 
or 25 is contained in 182 tens 7 tens times, with a remainder of 7 
tens. Write the 7 tens in the tens' place in the quotient, and to the 
remainder, 7 tens (70 units), annex the 5 units of the dividend, mak- 
ing 75 units. 

4. One twenty-fifth of 75 units is 3 units ; or 25 is contained in 75 
units 3 units times. Write the 3 units in the units' place in the 
quotient. 

Hence the quotient of 11825 + 25 is 473. 

62. Rule fob Long Division. 

I. Write the divisor at the left of the dividend, 
II. Divide the fewest left-hand figures of the dividend that 
mil yield an integral quotient, and write the quotient figure 
thus found at the right of the dividend. 

III. Multiply the divisor by this quotient figure, subtract 
the product from the partial dividend, and bring down the 
neost figure of the dividend. 

IV. Divide, as before, until all the remaining figures of 
the dividend have been brought dovm and divided, 

V. If any partial dividend will not yield an integral quo- 
tient, write a cipher in the quotient, bring down the next figure 
of the dividend, and proceed as before. 

VI. Write the final remainder, if any, over the divisor, and 
annex it to the integral part of the quotient. 

Note. — If the product of the divisor by the quotient figure is 
larger than the partial dividend, the quotient figure is too large ; on the 
other hand, if the remainder is larger than the divisor, the quotient 
figure is too small. 
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63. Examples in Multiplication and Division. 

Perform the indicated operations upon the following 
numbers, and verify each by its converse operation : 

27. one-tenth x 880. 

28. one-twelfth x 400. 

29. one-ninth x 175. 



1. 5x524. 

2. 6x735. 

3. 7 X 877. 

4. 9 X 385. 
6. 8 X 273. 

6. 2 X 394. 

7. 3x492. 

8. 7x654. 

9. 5x792. 

10. 6 X 391. 

11. 9x648. 

12. 8 X 537. 

13. 10 X 283. 

14. 11 X 333. 
16. 12x673. 

16. one-half X 482. 

17. one-third x 963. 

18. one-fourth x 848. 

19. one-fifth X 555. 

20. one-sixth x 672. 

21. one-third x 621. 

22. one-fourth x 824. 

23. one-fifth X 560. 

24. one-sixth x 642. 

25. one-eighth x 832. 

26. one-ninth x 927. 



30. 
31. 
32. 
33. 
34. 
35. 
36. 



8 X 2463. 

9 X 4735. 

5 X 8973. 

6 X 3579. 

12 X 6924. 

13 X 8431. 

14 X 6842. 

37. 15 X 9364. 

38. 16x6427. 

39. 17x3105. 

40. 18 X 2000. 

41. 19 X 2040. 

42. 20x6789. 

43. 25x8642. 

44. 36x1235. 

45. 58x7935. 

46. 89 X 8893. 

47. 93 X 4269. 

48. 75x3670. 

49. 87 X 6789. 

50. 99x5787. 

51. 6781 X 39. 
62. 8560x53. 
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63. 7680x29. 83. 456973x6894. 

64. 9666x55. 84. 764289x7264. 
66. 8073x67. 86. 896728x6479. 
66. 8765x73. 86. 731645x9347. 
57. 7895x97. 87. 929695x8975. 

68. 3046x48. 88. 257343x74689. 

69. 7008 X 61. 89. 396647 x 86728. 

60. 8763 X 24. 90. 972869 x 79120. 

61. 9273x86. 91. 3745643x89691. 

62. 8357 X 76. 92. 7642531 x 67231. 

63. 7382 X 47. 93. 8963378 x 57243. 

64. 6123x152. 94. 9338726x30050. 
66. 3246x295. 96. 8936424x24489. 
66. 4768x357. 96. 4937258x39473. 
^7. 6443x462. 97. 8312764x27621. 

68. 8961 X 527. 98. 9040657 x 30470. 

69. 9344x871. 99. 5313456x27359. 

70. 3540x375. - 100. 6394336x11425. 

71. 8973x865. 101. 3947358x23456. 

72. 7235x657. 102. 9218347x53462. 

73. 2335x892. 103. 2645467x60735. 

74. 4371 X 963. 104. 7304856 x 73378. 

75. 5575x551. 106. 1819784x48235. 

76. 3358 X 369. 106. 492 -s- 2. 

77. 8117x649. 107. 648^4. 

78. 9329 X 728. 108. ^s^. 

79. 29375 X 2673. 109. i of 963. 

80. 35593x5345. 110. 843 -f- 3. 

81. 46738x6476. ill. 942^5. 

82. 928376x8295. 112. 764-1-6. 
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113. 894-5-8. 131. 849-5-6. 

114. 973-5-9. 132. 497^9. 

115. 873 -^ 3. 133. 82472-5-24. 

116. 950^5. 134. 93684-5-35. 

117. 975 -^ 7. 135. 77666-5-36. 

118. 864-5-2. 136. 93472^49. 

119. 731-^l. 137. 64379^57. 

120. 342-5-4. 138. 72893-5-33. 

121. 845-^7. 139. 92173^77. 

122. 633-5-3. 140. 85967 -^ 89. 

123. 482-^8. 141. 92573^97. 

124. 697-5-3. 142. 34254-5-39. 
126. 749-^4. 143. 97531-5-99. 

126. 328^9. 144. 647342^125. 

127. 349-5-3. 145. 426801-^-234. 

128. 376-5-5. 146. 735761 -f- 342. 

129. 579-^6. 147. 873456 -- 731. 

130. 756-5-2. 148. 9736480-5-941. 

149. 872641396475 -5- 46937. 

150. 768123862469 ^ 59735. 

151. 459643731892 -f- 693495. 

152. 937864378104 -^ 693725. 

153. 786420000959^763541. 

154. 897612357431 -5- 987643. 

156. 318706403726-5-896739. 
166. 917630123897 -5- 345797. 

157. 216317621319 -5- 943349. 

158. 167358427659 -^ 783441. 
169. 296718317483 -5- 863499. 
160. 300450000339-5-798567. 
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M. Examples for Betiew. 

1. A gentiemaii owned U.S. bonds to the amount of 

$13275. At one time he disposed of $3000; at 
another, of $3525; at another, of as mnch as at 
both of the former times. What was the amount 
left? 

2. If a man earns 90 dollars per month, and his expenses 

are 65 dollars per month, how long will it take him 
to pay for a house worth 1200 dollars ? 

3. From a cistern containing 25719 gallons of oil, 15387 gal- 

lons were drawn out; after which 17100 gallons were 
pumped in. How much oil was then in the cistern? 

4. What is the quotient of 584379 divided by three times 

the difference between 475 and 218 ? 

5. An estate valued at 25765 dollars was divided among 

four men. The first received 5278 dollars; the sec- 
ond, 7300 dollars; the third, 8105 dollars. How 
much did the fourth receive? 

6. Mr. Ball had three stores, valued respectively at 21350 

dollars, 9224 dollars, and 10421 dollars ; also a farm, 
worth 7260 dollars. He gave to his daughter one- 
third of the value of the stores and one-fourth of the 
value of the farm, and divided the remainder equally 
between his two sons. How much did each receive ? 

7. If a man's income is $ 1600 a year, and his expenses 

9 850, how many years will elapse before he will be 
worth $20000, if he is worth $8750 at the present 
time? 

8. A mill, valued at 43458 dollars, was bought by three 

men. The first furnished one-sixth of the capital, the 
second twice as much as the first, and the third the 
remainder. How much did each man furnish ? 
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9. Mr. Home sells 135 bushels of potatoes at 2 dollars a 
bushel, 12 bales of cotton at 35 dollars a bale, and 3 
tons of hay at 9 dollars a ton ; he takes in payment a 
pair of mules worth 83 dollars each, a wagon worth 
47 dollars, a buggy worth 125 dollars, and a set of 
harness worth 27 dollars. One-half of the remainder 
he spends for groceries, and deposits the balance in 
the bank. What is the amount of his deposit? 

10. If one man's wages are equal to the wages of 5 boys, 

and 15 men earn 3375 dollars, how much does a boy 
earn? 

11. If 25 men are 25 days putting up the walls of a factory, 

and each man lays 1784 bricks a day, how many 
bricks will there be in the walls of the building ? 

12. A cistern has two pipes, one emptying into it 78 gal- 

lons of water an hour, and the other drawing from it 
56 gallons an hour.^ How many gallons of water will 
be in the cistern at the end of 37 hours ? 

13. The school funds of the town B are 6523 dollars, 

out of which the superintendent is paid 1600 dollars 
a year; the principal of the high school 1500 dol- 
lars ; each of eight grammar school teachers 40 dol- 
lars a month, for 9 months ; the janitor 12 dollars a 
month, for 9 months; and 75 dollars a year is ex- 
pended for fuel and repairs. What increase of salary 
could each grammar school teacher receive if the sur- 
plus were divided among them ? 

14. If two men start from the same place, and travel in 

opposite directions, the one at the rate of 45 miles a 
day, and the other at the rate of 32 miles a day, how 
far apart will they be at the end of 17 days ? 

16. How far apart will they be if they travel in the same 
direction ? 



\; 
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16. How many pounds of lard, at 18 cents a pound, will 

pay for 582 pounds of sugar, at 9 cents a pound ? 

17. If the driving wheel of a locomotive makes 4 revolu- 

tions per second, and at each revolution moves 18 
feet, how far will it move in an hour, or 3600 second* ? 

18. What is the amount of a man's bill who bought 12 

yards of silk, at 75 cents a yard ; 15 yards of flannel at 
6S cents a yard; 18 yards of lace at 37 cents a yard? 

/ 19. A farmer sold 784 pounds of bacon at 15 cents a pound, 
and took, in payment, coffee at 20 cents a pound. 
How many pounds of coffee did he receive ? 

20. The earnings of a factory for a year were 375854 dol- 
lars, and the expenses were 213423 dollars. What 
were the profits ? 

21. In a certain boarding house there are 75 boarders at 25 
dollars a month. The house rent is 117 dollars a 
month ; table expenses, 750 dollars a month ; ser- 
vants' hire, 125 dollars a month; gas, water, fuel, 
etc., 150 dollars a month. What are the profits of 
the house for a year, or 12 months ? 

22. The sum of 51679680 dollars is to be distributed equally 
among a certain number of men, each to receive 
84032 dollars. How many men are to receive the 
money ? 

23. Texas has an area of 280000 square miles, and Georgia's 
area is 52009 square miles. If Texas be divided 
into 4 states of equal size, how much larger than 
Georgia would each of them be ? 

24. A New York merchant sent his agent in Cincinnati 
3529 dollars to be invested in bacon. After deduct- 
ing his commission of 72 dollars, he expended the 
money in bacon at 20 cents (or ^ of a dollar) a 
pound. How many pounds did he buy ? 
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26. Mr. K. bought a piece of property, for which he paid 
78000 dollars. He spent 3784 dollars on it for 
repairs, 780 dollars for taxes, and 390 dollars for 
insurance ; after which he sold it for 85000 dollars. 
Did he gain or lose by the transaction, and what 
amount? 

26. A drover bought 77 sheep of one farmer, 84 of another, 

26 of another, and 38 of another. He sold one-third 
of them at 2 dollars a head, and the remainder at 3 
dollars a head. What did he receive for the entire 
lot? 

27. The dividend is 468002659, and the divisor 9497. What 

is the remainder ? 

28. What is that number the factors of which are 384, 97, 

712, and 278 ? 

29. 645600445 multiplied by 77386 divided by 931605 

gives what quotient ? 

30. The yield of an oil mill for one month is 30186 gallons. 

What is its yield for one year, or 12 months ? How 
many casks, each holding 43 gallons, will be required 
to hold it? 

31. Mr. Brooks left an estate, valued at 8500 dollars, to be 

divided equally among 3 sons and 2 daughters. What 
did each receive ? 

32. A man is 30 years old; ^ of his age is \ of his father's 

age. How old is his father ? 

33. A man bought 3 loads of hay; the first weighed 6365 

pounds, the second weighed 5984 pounds, and the 
third weighed 3596 pounds. How many pounds did 
he buy ? 
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84. A man exchanged a piece of property worth 18750 
dollars, and a piece worth 64875 dollars, for rolling- 
mill stock valued at 310504 dollars, paying the 
balance in money. How mnch money did he pay ? 

36. A man on going into business had 17948 dollars. The 
first year he gained 982 dollars, the second year 1125 
dollars, and the third year he lost 2107 dollars. How 
much was he then worth ? 

36. If the remainder is 325, the quotient 467, and the 
divisor 43 more than the sum of both, what is the 
dividend ? 

87. A farmer sold 185 barrels of apples at 4 dollars a barrel, 
and with the money thus obtained bought 8 horses, at 
78 dollars apiece, and his year's supply of groceries. 
How much did his groceries cost him ? 

38. Six men bought an interest in a mine for 36420 dollars. 

The first paid 12140 dollars; the second, 3035 dollars 
less than the first ; the third, 346 dollars ; the fourth, 
6070 dollars more than the third; the fifth, 1821 
dollars less than the fourth. How much did the 
sixth pay ? 

39. What length of time elapsed between the birth of 

George Washington in 1732 and the birth of Robert 
* E. Lee in 1807? 

40. A's liabilities are 450120 dollars. His assets are as 

follows: railroad stock, 350000 dollars; mining 
stock, 225100 dollars ; his home, 4000 dollars ; and 
a store of goods, valued at 96000 dollars. How 
much is he worth ? 

41. A gentleman whose annual income is 7500 dollars, 

spends 106 dollars a week. There are 52 weeks in 
a year. Does he save, or run in debt, and how much ? 
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42. Two persons, A and B, are indebted to C. A owes 

3712 dollars, which is the smaller debt, and the 
difference between the debts is 173 dollars. What 
is the amount of their indebtedness ? 

43. Suppose the driving wheel of a locomotive be 22 feet 

in circumference, and to make 272 revolutions in a 
minute; what distance will the engine move in 1 
hour, or 60 minutes, there being 5280 feet in a mile ? 

44. A father left an estate worth 65000 dollars to be 

divided among his children. The eldest son was to 
receive 17400 dollars; his only daughter 1400 less 
than her oldest brother; the remainder was to be 
divided equally among his four other sons. What 
amount did they each receive ? 

45. How many prisoners can be maintained on 25972 dol- 

lars per annum, if each prisoner requires, on an 
average, 86 dollars per annum ? 

46. A merchant bought 182 yards of cloth at 3 dollars a 

yard, and 212 yards at 5 dollars a yard. He sold it 
all at 4 dollars a yard. How much did he lose ? 

47. The salary of the President of the United States is 

50000 dollars a year. How much can he spend 
daily and save 4375 dollars annually ? 

48. The annual income of a certain city is 4364900 dol- 

lars, and its expenses 3298700 dollars. How much 
will that city save in 7 years ? 

49. The diameter of the sun is 786144 miles, and that of 

the earth is 7912 miles. What is the difference in 
their diameters ? 

50. A merchant bought 115 yards of velvet for 690 dollars, 

and sold 58 yards of it at cost. What did the velvet 
sold amount to ? 
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51. A bank failed, being in debt to the amount of 584325 
dollars. On winding up its affairs, it was found to 
own a building valued at 57650 dollars, office furni- 
ture worth 15738 dollars, notes on other banks to 
the amount of 60503 dollars, and 7433 dollars in 
gold. By how much did its indebtedness exceed its 
assets ? 

Contracted Processes. 

65. To multiply by 10, 100, 1000, etc. ; that is, by any 
order of unit higher than the first. 

Annexing a zero to a number removes each figure one 
place to the left ; that is, multiplies its value, and therefore 
that of the number, by 10; annexing two zeros removes 
each figure two places to the left, and therefore multiplies 
the number by 100; annexing three zeros multiplies by 
1000; four, by 10000; etc. 

1. Multiply 25 by 10. 

2. Multiply 176 by 10, by 100, by 1000. 

3. Multiply 359 by 20, by 300, by 5000. 

Suggestion. — 20 = 10 x 2 ; that is, twice 10 times a number is 
20 times the number ; therefore, to multiply by 20, multiply the num- 
ber by 10 and the product by 2. 

4. Multiply 793 by 50, by 600, by 700. 

5. Multiply 3251 by 30, by 800, by 9000. 

66. To divide by 10, 100, 1000, etc. ; that is, by any order 
higher than the first. 

Kejecting a figure to the right of a number removes each 
figure one place to the right ; that is, divides its value, and 
therefore that of the number, by 10. 

On the same principle, rejecting two figures divides by 
100; three figures by 1000; etc. 
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1. Divide 360 by 10. Ans, 35. 

2. Divide 347 by 10. Ana. 34^. 

3. Divide 6892 by 200. 

PROCB8S. Explanation. — 200 = 2 x 100 ; ^h = i o^ xiu- 

n\(\o\aQ\Qo Reject two figures and divide the remaining figures 

I ^— J by 2, placing the rejected figures as a remainder over 

^'^aoo the divisor (200). 

4. Divide 62500 by 2500, by 5000. 
6. Divide 172800 x 14400 by 120. 
6. Divide 6729 by 300. 

67. To multiply by aliquot parts of a hundred. 

25 is i of 100 ; 33^ = ^ of 100 ; 12^ = ^ of 100 ; therefore, 
to multiply by 25, multiply by 100 and divide the product 
by 4. 

1. Multiply 617 by 25. 

PROCESS. 

617 X 25 = 61700 -^ 4 = 15425. 
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CHAPTER IV. 
MULTIPLES AND MEASURES. 

Properties and Relations op Integers. 

68. A Measure of any given number is an exact integral 
divisor of it. Thus 2 is a measure of 8 ; for 2 is an integer, 
and divides 8 exactly ; that is, without a remainder. 

69. A Composite Number is one that can be measured in 
terms of two or more numbers. It is a product of two or 
more factors. Thus 6 is a composite number, because it 
can be measured by 2 or 3, its factors. 

70. A Prime Number is one that cannot be measured by 
any number other than itself or 1. Thus 3, 5, 7, 11 are 
prime numbers. 

71. A Prime Measure of a number is a prime number 
that will exactly divide it. 

72. A Composite Measure of a number is a composite 
number that will exactly divide it. 

Analysis of Composite Numbers. 

73. 1. What are the prime measures of 105 ? 

PROGB8B. Explanation. — By dividing, it is found that 105 is com- 
31105 P^^s^d of two factors: 3 and 35; 3 is prime, 35 composite, 
p. QP- By dividing again, it is found that the composite measure, 
' — - 36, is composed of two prime measures : 5 and 7. There- 
' fore, the prime measures of 105 are found to be 3, 5, and 7. 
That is, 105 = 3 X 5 X 7. 



— i 
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74. Rule. — Divide the given number by the least number 
that will exactly divide it, and each quotient in the same way, 
until a qu^otient is obtained that is a prime nurnber. The 
divisors and the last quotient will be the prime measures 
sought 

75. Find the prime measures of each of the following : 



1, 


32. 


7. 


620. 


13. 


1676. 


19. 


36800. 


2. 


60. 


8. 


972. 


14. 


8176. 


20. 


96472. 


3. 


72. 


9. 


121. 


16. 


9333. 


21. 


87681. 


4. 


65. 


10. 


144. 


16. 


9999. 


22. 


26375. 


5. 


272. 


11. 


876. 


17. 


42862. 


23. 


46966. 


6. 


360. 


12. 


1000. 


18. 


21896. 


24. 


85864. 



The Greatest Common Measure. 

76. A Common Measure of two or more numbers is a num- 
ber that will exactly divide, or measure, each of them. Thus 
2 is a common measure of 4, 6, 8. 

77. The Greatest Common Measure of two or more num- 
bers is the greatest number that will exactly divide each of 
them. Thus 6 is the greatest common measure of 12 and 18. 

Note. — For the sake of brevity the Greatest Common Measure may 
be denoted by the letters G. C. M. 

78. A measure is known indifferently as a divisor or as 
a factor. The greatest common measure is also called the 
greatest common divisor, or the highest common factor. 

79. 1. Find the common prime measures of 45 and 60, 
and their G. C. M. 

PROCESS. Explanation. — By trial it is found that 3, which is 



45 60 prime, will exactly divide both numbers ; 3 is therefore 
a common prime measure of the numbers. Again, 5, 



15, 20 which is also prime, is found exactly to divide both quo- 



o A tients ; 6 is therefore a common prime measure of the 
' numbers. The last quotients have no common divisor ; 

that is, they are prime with respect to each other. 
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Whence, 3 and 6 are the only common prime measures of 46 and 
60 ; but each number is divisible by the product of its prime meas- 
ures. Hence the common measures of 45 and 60 are 3, 6, and 3x5, 
or 16; of which 16 is the greatest. 15 is therefore the G.C.M. of 
46 and 60. 

80. Rule. — Divide the given numbers by any prime number 
that will exactly divide all of them, and continue to divide the 
several sets of quotients in the same way until they have no 
aymmxm divisor. The divisors will be the common prims 
TtieasureSj and their product the Q. C, M, 

gL 1. Find the G. C. M. of 21 and 81. 

Explanation. — The G. C. M. of two numbers 

PROCESS. cannot be greater than the less number. If, then, 

21)81(3 the less number exactly divides the greater, the less 

63 is the G. C. M. By trial, 81 divided by 21 gives a 

~T .^ quotient 3 and a remainder 18. The division is 

18)21(1 jjQ^ ^^^^^ ^^^ 21 is not the G.C.M. If the re- 

lo mainder, 18, exactly divides 21, it will also divide 

Q\-i o/g 81, which is equal to 3 times 21 plus 18. By trial, 

^1 jv 21 divided by 18 gives a quotient 1 and a remainder 

3. The division is not exact, and 18 is not the 

G. C. M. If the remainder, 3, exactly divides 18, it 
will also divide 21, which is 18 plus 3. If it divides 18 and 21, it vrill 
also divide 81, which is 3 times 21 plus 18. By trial, 18 divided by 3 
gives a quotient 6 vrithout a remainder. The division is exact, and 3 
is the G.C.M. of 21 and 81. 

82. EuLE. — Divide the greater number by the less, and, if 
the division is not exact, the first divisor by the first remainder^ 
the second divisor by the second remainder, and so on, until 
an exact divisor is obtained. The hist divisor will be the 
G. a M. 

Note. — If more than two numbers are given, find the G.C.M. of 
any two of them, then of this G. C. M. and another of the numbers, 
and so on. The last divisor will be the G. C. M. 

Note to Teacher. — This last method of finding the G. C. M. has 
some practical superiority over the first method ; but its explanation 
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is so abstract that few pupils below the high school grades are able to 
understand the rationale of its process. 

The method is borrowed from geometry, where it is used to find 
the G. C. M. of two or more lines. If the teacher prefers this to the 
first and simpler method, he might concrete it by finding the G, C. M. 
of two lines, A and B. But it is the experience of the author that the 
average grammar school pupil is injured rather than benefited by an 
effort to master it ; and it is suggested that the second, or geometrical 
method, be omitted altogether, or reserved for the general review. 

83. Find the prime measures of the following; and then 
their G. C. M.'s. 

1. 4 and 12. 8. 121 and 132. 15. 825 and 2700. 

2. 10 and 15. 9. o^ and 63. 16. 630 and 936. 

3. 12 and 18. 10. 63 and 105. 17. 324 and 612. 

4. 24 and 32. 11. 246 and 342. 18. 5184 and 6912. 

5. 36 and 48. 12. 247 and 323. 19. 3444 and 3556. 

6. 60 and 108. 13. 272 and 425. 20. 2472 and 3264. 

7. 72 and 81. 14. 330 and 720. 21. 5184 and 6914. 
22. 12, 18, 64, and 96. 23. 24, 36, 72, and 81. 

Cancellation. 

84. Cancellation is a method of shortening division by 
rejecting, or cancelling, all equal factors that occur in both 
dividend and divisor. 

1. Divide 36 by 12. 

PROCESS. 

36 M^x3x^ 
12 M?x^ ""'^• 

Rejecting a factor common to both divisor and dividend 
does not alter the quotient, becauses it diminishes both in 
the same ratio. 
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2. Divide 42 by 12. 4. Divide 372 by 24. 

3. Divide 60 by 18. 5. Divide 81 by 27. 

6. Divide 28 x 16 x 48 by 21 x 8 x 7. 

The Least Common Multiple. 

85. A Multiple of a given number is a number that is 
exactly divisible by the given number. 

86. A Common Multiple of two or more numbers is a num- 
ber that is exactly divisible by each of the given numbers. 
Thus 24 is a common multiple of 2, 3, 4j and 6. 

Note. — The Least Common Multiple may be denoted by the 
letters L. C. M. 

87. The Least Common Multiple of two or more numbers is 
the least number that is exactly divisible by each of the 
given numbers. Thus 12 is the L. C. M. of 2, 3, 4, and 6. 

It is evident that a common multiple of two numbers may 
be their product, or any integral number of times their 
product ; that is, the multiple may be composed of all the 
factors of both numbers, and any number of factors besides. 
Thus 24, 48, 72 are multiples of 6 and 4. 

It is equally evident that the L. C. M. of two numbers 
must be composed of all the factors of each, without repeat- 
ing common factors ; that the L. C. M. of 6 and 4 must be 
6 multiplied by the factor of 4 not found in 6, viz. 2'; which 
gives 2 X 6 == 12 for the L. 0. M. ; that the L. C. M of two 
numbers is their product divided by their G. C. M. Thus 

the L. C. M. of 6 and 4 is ^^ = 12. 

The L. C. M. of three or more numbers must be composed 
of all the factors of each number without repeating any factor 
common to two or more of the numbers. The L. CM. of 
9, 6, and 4 must be composed of the factors of 9 and 4, which 
is 36. One of the factors of 6 is found in 9 and the other 
in 4, and these factors are not repeated in the L. C. M. 
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8a 1. Find the L. C. M. of 9, 6, and 4. 

PROCESS. Explanation. — Any prime 

9, 6, 4 factor that exactly divides at 

3-2 4 least two of the numbers is a 

common factor of those two 
numbers, and is to be used but 
once as a factor of the L. C. M. 



3,1,2 
li. C. M. = 3 X 2 X 3 X 2 = 36. 



By inspection it may be seen that 3 and 2 are the only prime factors 
common each to two of the numbers 9, 6, and 4. Divide by 3, bringing 
down the undivided number on a line with the quotients ; then divide 
by 2 ; the last quotients are prime to each other, and the division can- 
not be continued. 

The L. C. M. is the continued product of the divisors 3, 2 by the 
quotients 3, 2, or 3 x 2 x 3 x 2 = 36. 

89. Rule. — Write the numbers on a horizontal line, and 
divide by the least prime factor that will exo/ctly divide two 
or more of them, writing in a line below the quotients and the 
undivided numbers. Continue to divide as before until there 
18 no prime number greater than 1 that will exactly divide two 
or more of them. 

The continued product of the divisors and the numbers in 
the kist line will be the L, C. M. sought. 

90. Find the L. C. M. of the following : 

1. 16 and 28. 11. 9, 11, 18, 22, and 36. 

2. 37 and 25. 12. 9, 27, 81, 243, and 729. 

3. 5, 9, and 15. 13. 60, 90, 2b, 105, and 9. 

4. 2, 4, and 8. 14. 12, 54, 28, 63, and 21. 

5. 9, 15, and 24. 15. 35, 28, 27, 24, and 21. 
•6. 8, 40, and 120. 16. 96, 72, 56, 32, and 28. 

7. 20, 30, and 50. 17. m, 36, 32, 27, and 24. 

8. 8, 12, 16, and 18. 18. 2^, 32, 21, 18, and 14. 

9. 5, 6, 9, and 10. 19. 468 and 923. 

10. 3, 4, 6, 8, 24, and 40. 20. 625, 735, 860, and 915. 
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CHAPTER V. 
DENOMINATE NUMBERS. 

91. Quantity is the amount or extent of anything ; and a 
unit is that standard established by law, or custom, in terms 
of which a given kind of quantity is measured. 

92. Measuring is the process of finding how many times 
the unit, the given quantity is; and thus gives rise to 
number. 

93. Quantity answers the question "how much^'; num- 
ber, the question " how many." 

94. A quantity is frequently measured in terms of sev- 
eral related orders of units, called denominations, and 
derived by taking multiples and subdivisions of the stan- 
dard unit ; as, from the standard yard there are derived by 
multiplication the superior denominations, rods and miles ; 
and by subdivision, the inferior denominations, feet and 
inches. 

96. A number expressed in one denomination is called a 
Denominate Number. 

96. A number expressed in two or more denominations 
is called a Compound Denominate Number. 

97. The rate by which the denominations increase and 
decrease is termed a Scale. The scale of the Arabic notation 
is 10 ; those of the denominate numbers are for the most 
part irregular or variable. Thus 12 inches make a foot ; 3 
feet, a yard; 5^ yards, a rod; and 320 rods, a mile. 
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96. There may be quantity, and therefore number, with 
respect to : 

(1) Extension, which is the property of being extended 
in space. 

(2) Capacity, which is the property of containing, or 
holding. . 

(3) Weight, which is the measure of the force of gravity. 

(4) Time, which is the measure of duration. 

(5) Angularity, which is the measure of the difference 
of direction. 

(6) Value, which is expressed in terms of money. 

Extension. 

99. Extension has three dimensions : length, breadth, and 
thickness. 

100. A Line has length and direction. It is mere dis- 
tance. 

101. A Straight Line is a line that does not change its 
direction throughout its extent, — it is the shortest distance 
between two points. 

102. A Surface, or plane, has length and breadth. 

103. A Solid has length and breadth and thickness. 

104. An Angle is the measure of divergence from a given 
direction. To illustrate : A soldier is facing the north ; at 
the command "right face,^^ he wheels to the east, making 
a fourth of an entire revolution. This difference in the 
directions of his first and second facings is called an angle. 
In this case it is a fourth of a revolution, or a right angle, 
equal to 90 degrees. If he " right face " again, he will face 
the south, the opposite of his first facing, making a half 
revolution, or two right angles, called a straight angle. 
Another "right face" completes three-fourths of a revolu- 
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tion, or three right angles. Yet another " right face " brings 
the soldier to his original facing, the north, and completes 
an entire revolution, or four right angles. 

105. Angles are represented by the divergence of lines 
proceeding from a common point p 
called the vertex. Thus, A B D 
and DEC are angles, and B their 
common vertex. 

106. When one straight line 

meets another straight line, mak- ^ i o 

ing the two adjacent angles equal, 

each angle is a right angle, and their lines are said to be 
perpendicular to each other. 

Note. — The unit of linear, or long, measure is a straight line, one 
yard. Therefore, only straight lines can be directly measured; 
crooked or curved lines, to be measured, must first be reduced to 
straight lines. 

107. Parallel Lines are lines that have the same direction. 

108. A Square is a surface bounded by four equal sides, 
and having four right angles. 

109. The standard unit of surface measurement is the 
square yard. Since the square is a right-angled or rectan- 
gular figure, and can be applied only to rectangular figures, 
other plane figures cannot be directly measured; triangles, 
circles, etc., to be measured, must first be reduced to rec- 
tangles. 

HO. A Cube is a solid bounded by six e(^ual squares. It 
is therefore rectangular. 

HI. The standard unit of solid measurement is a cubic 
yard. Since the cubic yard is rectangular, and can be 
applied only to rectangular solids, other solid figures can- 
not be directly measured; cones, cylinders, and spheres 
must, to be measured, be reduced to rectangular figures. 



DENOMINATE NUMBERS. 



48 



122, The area of a rectangular plane is equal to the 
product of its length by its breadth expressed in units of 
the same denomination. 

Tbe lines divide the square 
yard into 3 rows, with 3 sq. 
ft. in each row. Hence the 
square yard contains 3 times 
3 sq. ft. = 9 sq. ft. Notice that 
= 9 ft. the multiplier is abstract; that 
feet are not multiplied by feet ; 
that the expression feet x feet 
does not denote multiplication, 
but simply indicates the dlmen- 
8 ft. sions of the plane. 

113. The volume of a rectangular solid is equal to the 
product of its length, breadth, and thickness. 

Let it be required 
to find the solidity of 
a cubical box whose 
length, breadth, and 
thickness is each 3 ft. „^ «• -► 

■■27 c\L ft. 











8 ft. 

















/ 


y 










/ 






y 


yita. 



8 ft. 



8 ft. 
The floor of the box is a 
square 3 f t. x 3 ft. ; it will 
therefore contain 9 sq. ft. 
If sand be poured into the 
box until the floor is cov- 
ered to the depth of 1 ft., 
there will be 9 cu. ft. of sand in the box. If sand be poured another 
foot deep, there will be another layer of sand containing 9 cu. ft. 
Another like i>ouring will fill the box, when it will contain 3 layers of 
sand, each layer containing 9 cu. ft. ; whence the box will contain 3 
Umes 9 cu. ft., or 27 cu. ft. = 3 ft. x 3 ft. x 3 ft. 

114. Linear or Long Measure. 

12 Inches (in.) make a Foot (ft.). 
3 Feet make a Yard (yd.). 

6^ Yards make a Rod (rd.). 

320 Bods make a Mile (mi.). 
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In geographical and astronomical calculations. 

1.15 Statute Miles make a Geographical Mile. 

3 Geo. Miles make a League. 

60 Greo. Miles or -i , f of Latitude on a Meridian, or 

69.16 Stat. Miles j ™*^® * i->egree \ of Longitude on the Equator. 

360 Degrees make the Circumference of the Earth. 

115. Square Measure. 

144 Square Liches make a Square Foot (sq. ft.). 

9 Square Feet make a Square Yard (sq. yd.). 
30^ Square Yards make a Square Rod (sq. rd.). 
160 Square Rods make an Acre (A.). 
640 Acres make a Square Mile (sq. mi.). 

116. Solid Measure. 

1728 Cubic Liches make a Cubic Foot (cu. ft.). 
27 Cubic Feet make a Cubic Yard (cu. yd.). 
128 Cubic Feet make a Cord(cd. ). 

117. Lumber Measure. 

A lumber foot is one foot long, one foot broad, and 
one inch thick ; hence a cubic foot is equal to 12 lumber 
feet. 

The lumber feet in a given quantity of lumber may be 
found by multiplying the length in feet by the breadth in 
feet by the thickness in inches; or by multiplying the 
cubical contents in feet by 12. 

Lumber is bought and sold by the 1000 ft. 

118. Measures of Capacity. 

Liquid Measure, 

4 Gills (gi.) make a Pint (pt.). 
2 Pints make a Quart (qt.). 

4 Quarts make a Gallon (gal.). 

The standard unit of Liquid Measure is the gallon, con- 
taining 231 cu. in. Li finding the capacity of reservoirs, 
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31^ gallons is considered a barrel (bbl.) and 63 gallons 
a hogshead (hhd.). In commerce the barrel and hogshead 
are not fixed measures. 

119. Dry Measure, 

2 Pints make a Quart (qt.)- 
8 Quarts make a Peck (pk.). 
4 Pecks make a Bushel (bu.). 

The standard unit of Dry Measure is the Winchester 
bushel, containing 2150.42 cu. in. 

The denominations, pint, quart, gallon of dry measure, 
are greater than the like denominations, liquid measure; 
the dry quart being about 67-J^ cu. in., and the liquid quart 
only 57f cu. in. 

120. Apothecaries Liquid Measure, 

This measure is used in compounding liquid medicine. 

60 Minims (n^) make a Fluid Drachm (/3). 

8 Fluid Drachms make a Fluid Ounce (/5). 
16 Fluid Ounces make a Pint (O.). 

8 Pints make a Gallon (Cong.). 

121. Measures op Weight. 

Avoirdupois Weight. 

16 Ounces (oz.) make a Pound (lb.). 
25 Pounds make a Quarter (qr.). 

100 Pounds make a Hundredweight (cwt.). 

20 Hundredweight make a Ton (T.). 

Avoirdupois Weight is used in measuring all the coarser 
articles of commerce; as grain, groceries, coal, etc. The 
standard imit of measure is the pound, containing 7000 
grains. 
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122. Apothecaries^ Weight, 

20 Grains make a Scruple (3). 

3 Scruples make a Dram (3)* 

8 Drams make an Ounce ( J ). 
12 Ounces make a Pound (lb). 

Apothecaries' Weight is used by druggists in preparing 
dry prescriptions. The pound contains 5760 grains. Medi- 
cines in quantity are bought and sold by Avoirdupois 
Weight. 

123. Trcyy Weight, 

24 Grains make a Pennyweight (dwt.). 

20 Pennyweights make an Ounce (oz.). 
12 Ounces make a Pound (lb.). 

Troy Weight is used in weighing gold, silver, jewels, 
precious stones, etc. 

124. Measures of Time. 

60 Seconds (sec.) make a Minute (min.). 



60 Minutes 


make an Hour (hr.). 


24 Hours 


make a Day (da.). 


7 Days 


make a Week (wk.). 


365 Days 


make a Year (yr.). 


366 Days 


make a Leap Year (yr.) 


100 Years 


make a Century (cen.). 


1000 Years 


make a Millenium. 



In ordinary business transactions 30 days is accounted a 
month. 

The number of days in each of the calendar months may 
be readily remembered by means of the following lines : 

"Thirty days hath September, 
April, June, and November. 
All the rest have thirty-one, 
Except the second month alone. 
Which has but twenty-eight in fine 
'Till leap-year gives it twenty-nine." 
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125. Angular Measure. 

60 Seconds (") make a Minute ('). 
60 Minutes make a Degree (°). 
30 Degrees make a Sign (S.). 
360 Degrees make a Circumference (Cir.). 

The circumference of a circle is an angular as well as a 
linear magnitude. If one should follow the circumference 
of a circle completely around to the point whence he started 
the circuit, he would make as complete a revolution of the 
direction of his facing as though he had made four " right 
faces." That is, one-fourth of the circuit is equal in change 
of direction to one "right face," one-half circuit to two 
"right faces," etc. Whence a circumference is equal to 
four right angles, or 360 degrees ; a semicircumf erence to 
two right angles, or 180 degrees ; a quadrant to one right 
angle, or 90 degrees. 

Measures of Value. 

126. Federal Money, 

10 Mills (m.) make a Cent (ct.). 
10 Cents make a Dime (d.). 
10 Dimes make a Dollar ($). 
10 Dollars make an Eagle (E.). 

127. English Money, 

4 Farthings (far.) make a Penny (d.)« 
12 Pence make a Shilling («.)• 

20 Shillings make a Pound (£). 

12& French Money, 

10 Millimes make a Centime (ct.). 
10 Centimes make a Decime (dc). 
10 Decimes make a Eranc (fr.). 

The English pound is equal to $4.86 + U. S. money, and 
the French franc to $ .193. 
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129. Miscellaneous Tables. 

12 Things make a Dozen. 
12 Dozen make a Gross. 
12 Gross make a Great Gross. 
20 Units make a Score. 



130. Paper. 

24 Sheets make a Quire, 
20 Quires make a Ream. 

2 Reams make a Bundle. 

5 Bundles make a Bale. 

Metric Tables. 

131. The Meter is the unit of length and is (nearly) the 
one ten-millionth part of the distance on the earth's surface 
from the equator to either pole, or 39.37 + inches. 

10 Millimeters (mm.) make a Centimeter (cm.). 

10 Centimeters make a Decimeter (dm.). 

10 Decimeters make a Meter (M.). 

10 Meters make a Dekameter (Dm.). 

10 Dekameters make a Hektometer (Hm.). 

10 Hectometers make a Kilometer (Km.). 

10 Kilometers make a Myriameter (Mm.). 

132. The Are is the unit of land measure, and is a square 
whose side is a dekameter. 

100 Centiares (ca.) make an Are (A.). 

100 Ares make a Hektare (Ha.). 

133. The Liter is the unit of capacity, and is equal to 
1.05 + qt. liquid measure. 

10 Milliliters (ml.) make a Centiliter (cl.). 

10 Centiliters make a Deciliter (dl.). 

10 Deciliters make a Liter (L.). 

10 Liters make a Dekaliter (Dl.). 

10 Dekaliters make a Hektoliter (HI.) . 

10 Hektoliters make a Kiloliter (Kl.), or stere. 

10 Kiloliters make a Myrialiter (Ml.). 
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134. The Gram is the unit of weight, and is equal to 
15.432 Troy grains. 



10 Milligrams (mg.) 
10 Centigrams 
10 Decigrams 
10 Grams 
10 Dekagrams 
10 Hektograms 
10 Kilograms 
10 Mjrriagrams 
10 Quintals 



make a Centigram (eg.). 

make a Decigram (dg.). 

make a Gram (G.). 

make a Dekagram (Dg.). 

make a Hektogram (Hg.). 

make a Kilogram (Kg.) or (Kils.). 

make a Myriagram (Mg.). 

make a Quintal. 

make a Ton. 
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CHAPTER VI. 
REDUCTION. 

135. Redttction is the method of changing the unit^ without 
altering the value, of an expression. 

If the unit of an expression be changed to a less unit, the 
number of these units will be proportionally greater. 

If the imit of expression be changed to a greater unit, the 
number of these units will be proportionally less. 

Since a yard is three times as great as a foot, there will 
be one-third as many yards as feet, and three times as many 
feet as yards, in any given linear expression. 

136. Chanj^iug the unit of an expression to a higher unit 
(or denomination) is called Reduction Ascending. 

Again, changing the unit of an expression to a lower unit 
(or denomination) is called Reduction Descending. 

Thus 36 inches = 3 feet, and 12 pints = 6 quarts, and 16 
pecks = 4 bushels, are examples of reduction ascending. 

Again, 1 yard = 36 inches, and 1 rod = 16^ feet, and 1 
gallon = 8 pints, are examples of reduction descending. 

137. Reduction ascending and reduction descending are 
therefore converse processes, and either may be used to verify 
the other. 

138. To express a number of a higher denomination in 
terms of a unit of a lower denomination. 
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1. Find how many gills there are in 5 gal. 3 qt. 1 pt. 2 gL 

PBOCE88. 

gal. qt. pt. gi. 
5 3 12 
_4 

20 qt. Explanation. — Since there are 4 times as many 

3 quarts as gallons in any expression, there are in 

23 qt. 6 gal. 4 times 6 qt. = 20 qt. ; 20 qt. and 3 qt. equal 

2 23 qt. ; 23 qt. equal twice as many pints, or 46 pt. ; 

45 p|j^ 46 pt. and 1 pt. = 47 pt. ; 47 pt. equal 4 times as 

1 many gills or 188 gi. ; 188 gi. and 2 gi. = 190 gi. 

7^ -^ Hence 6 gal. 3 qt. 1 pt. 2 gi. = 190 gi. 

__4 
188 gi. 

2 
190 gi. 

139. To express a number of a lower denomination in 
terms of a unit of a higher denomination. 

1. Reduce 190 gills to higher denomination. 
PBOCESS. Explanation. — Since there are one-fourth as 



190 gi. many pints as gills in any expression, there are 

47~niF 2 ffi. ^" ^^ ^' oiie-^ourth of 190 pt. = 47 pt. and a 



QQ . ^ . remainder of 2 gi. ; in 47 pt. there are one-half of 
^' ^ * 47 qt. = 23 qt. and 1 pt. remaining ; in 23 qt. there 



O gal. o qt. ^j,g one-fourth of 23 gal. = 6 gal. and 3 qt. remain- 
ing. Hence in 190 gi., there are 5 gal. 3 qt. 1 pt. 2 gi. ; and the last 
process verifies the first. 

140. Reduce the following, and verify each process by 
its converse : 

1. 21 days 12 hours 30 minutes 50 seconds, to seconds. 

2. 5 tons 9 cwt. 2 qr. 16 lb. to pounds. 

3. £ 12 16s. 9d. 3 far. to farthings. 

4. 18965 far. to higher denominations. 

5. 8972 oz. (avoirdupois) to higher denominations. 
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6. 16 rd. 4 yd. 2 ft. 9 in. to inches. 

7. 257285 sec. to higher denominations. 

8. 35672 gi. to higher denominations. 

9. 47 lb. 9 oz. 13 dwt. 17 gr. to grains. 

10. 3945678 gr. to higher denominations. 

11. 1 mi. to inches. 

12. 63360 in. to higher denominations. 

13. 1 cu. yd. to cubic inches. 

14. 46656 cu. in. to cubic yards. 

Table of Equivalents fob Linear Measure. 



1 mile = 



63360 in. 
5280 ft. 
1760 yd. 
320 rd. 



16. Make a like table of equivalents for each of the 
tables of measures. 

141. Addition and Subtraction. 

1. Find the sum of 6 gal. 3 qt. 1 pt. 3 gi. and 7 gal. 
2 qt. 1 pt. 2 gi. 

Explanation. — Write the numbers so that de- 

PBOCESS. nominations of the same order shall stand in the 

gal. qt. pt. gi. same column, and proceed thus : 2, 5 ; 6 gi. = 1 pt. 

5 3 13 and 1 gi. ; write the 1 gi. under the column of gills 

7 2 12 and " carry " the 1 pt. to the column of pints : 1, 2, 

To 2 i i" ^ J 3 pt. = 1 qt. and 1 pt. ; write the 1 pt. under the 

column of pints and "carry" the 1 qt. to the 

column of quarts : 1, 3, 6 ; 6 qt. = 1 gal. and 2 qt. j write the 2 qt. 

under the column of quarts and "carry " the 1 gal. to the column of 

gallons : 2, 0, 13 ; write the 13 gal. under the column of gallons. 

Hence the sum of 5 gal. 3 qt. 1 pt. 3 gi. and 7 gal. 2 qt. 1 pt. 2 gi. is 

13 gaL 2 qt. 1 pt. 1 gi. 
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Rule. — Write the nunibers so that denominations of the 
8ame order shall stand in the same column. Begin at the 
lowest denomination, and add as in abstract numbers, " carry- 
ing " one for as many units of the denomination added as it 
takes to make one of the next higher. 

Prove as in the addition of abstract numbers. 

2. From 13 gal. 2 qt. 1 pt. 1 gi., take 5 gal. 3 qt. 1 pt. 3 gi. 

Explanation. — Write the subtrahend under the 

PROCESS. minuend so that denominations of the same order 

gal. qt. pt. gi. giiali stand in the same column. As 3 gi. cannot be 

13 2 1 1 taken from 1 gi., "borrow" 1 pt. from the next 

5 3 13 liigher denomination ; 1 pt. is equal to 4 gi., which, 

~ij 2 i 2~ ^^®*^ ^ ^ g^'» ™akes 6 gi. ; 3 gi. taken from 5 gi. 

leaves 2 gi. ; write the 2 gi. under the column of gills; 

as 1 pt. cannot be taken from pt., ** borrow" 1 qt. from the 2 qt.; 

1 qt. is equal to 2 pt., which, added to the pt., makes 2 pt.; 1 pt. 

taken from 2 pt. leaves 1 pt. ; write the 1 pt. under the column of 

pints; as 3 qt. cannot be taken from 1 qt., "borrow" 1 gal. from 

the 13 gal. ; 1 gal. is equal to 4 qt., which, added to the 1 qt., makes 

6 qt. ; 3 qt. taken from 6 qt. leaves 2 qt.; write the 2 qt. under the 
column of quarts ; 5 gal. taken from 12 gal. leaves 7 gal. ; write the 

7 gal. under the column of gallons. Hence 5 gal. 3 qt. 1 pt. 3 gi. 
taken from 13 gal. 2 qt. 1 pt. 1 gi. leaves 7 gal. 2 qt. 1 pt. 2 gi. 

Rule. — Write the subtrahend under the minuend so that 
denominations of the same order shall stand in the same 
column. 

Begin with the lowest, and subtract ea^ch denomination of 
the subtrahend from the corresponding denomination of the 
minuend, as in abstract numbers. 

If any denomination of the minuend is less than the corre- 
sponding denomination of the subtrahend, add to it as many 
units as it takes to make one of the next higher denomination, 
and subtract; regard the next higJier denomination of the minu- 
end as one less. 

And proceed in the same way with each denomination. 
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Prove as in the subtraction of abstract numbers. 

3. What is the sum of 35 bu. 2 pk. 5 qt. 1 pt., 27 bu. 

pk. 5 qt. 1 pt., 23 bu. 3 pk. 6 qt. 1 pt., 19 bu. 
3 pk. 7 qt. 1 pt., 52 bu. 1 pk. 4 qt. pt., 29 bu. 
3 pk. 2 qt. 1 pt. ? 

4. Find the sum of 25 da. 14 hr. 30 min. 45 sec, 53 da. 

21 hr. 50 min. 35 sec, 12 da. 23 hr. 58 min. 57 sec, 
35 da. 17 hr. 49 min. 37 sec, and 36 da. 12 hr. 
15 min. 9 sec. 

6. Find the sum of 25 gal. 2 qt. 1 pt. 3 gi., 18 gal. 3 qt. 

1 pt. 2 gi., 27 gal. 3 qt. 1 pt. 1 gi., 34 gal. 2 qt. pt. 
3 gi., 19 gal. 1 qt. 1 pt. 3 gi., 36 gal. 3 qt. 1 pt. 
2gi. 

6. What is the sum of £35 Ss. 9d, 3 far., £43 13«. 5d 

3 far., £ 27 9s. lOd. 2 far., £ 18 17s. lid 2 far., £ 20 
18s. 7d. 1 far. ? 

7. Find the sum of 25 lb. 9 oz. 13 pwt. 20 gr., 18 lb. 8 oz. 

15 pwt. 17 gr., 23 lb. 11 oz. 18 pwt. 5 gr., 5 lb. 7 oz. 
19 pwt. 16 gr., 10 lb. 10 oz. 10 pwt. 10 gr. 

8. Find the difference between 25 lb. 50 oz. 8 pwt. 99 gr. 

and 18 lb. 8 oz. 12 pwt. and 16 gr. 

9. From £ 59 10s. 7d, 2 far., take £ 37 12s. 9d. 3 far. 

10. From 15 cwt. 1 gr. 18 lb. 9 oz., take 10 cwt. 21 lb. 

15 oz. 

11. A note was given Jan. 1, 1892, and paid Feb. 15, 1894. 

How long did the note run ? 

Ans, 2 yr. 1 mo. 14 da. 

12. A note was given Oct. 21, 1890, and paid Aug. 13, 1893. 

How long did the note run ? 

13. A note, dated April 2, 1891, and paid March 1, 1892, 

ran how long ? 





PROCEgg. 


£ 


8. d. far. 


13 


9 6 3 




7 
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14. A note was dated Dec. 21, 1892, and paid Jan. 1, 1894. 

Find the length of time the note ran. 

15. Find the difference of time between July 4, 1776, 

and October 12, 1492. 

16. A man was born April 2, 1853. How old was he Feb. 

15, 1895 ? 

142. Multiplication and Division. 

1. Multiply £ 13 9^. 5d, 3 far. by 7. 

Explanation. — 7 times 3 far. are 21 far., equal 
to 5(2. and 1 far. ; write the 1 far. in the place 
of farthings, and add the bd. to the product of 
pence ; 7 times bd. are S6d.y which, with the bd. 
added, makes 40d. ; 40d. = 35. and 4d. ; write 
^ " ^ -^ the ^d. in the place of pence, and add the 
3s. to the product of shillings ; 7 times 9s. are 63s., which, with the 
3s. added, makes 66s. ; 66s. = £ 3 and 6s. ; write the 68, in the 
place of shillings, and add £ 3 to the product of pounds ; 7 times £ 13 
are £91, which, with the £3 added, makes £94. Hence £13 9s. 
W. 3 far. multiplied by 7 are £94 6s. id, 1 far. 

Rule. — Write the multiplier under the lowest denomina- 
tion of the multiplicand. Multiply as in abstract numbers; 
and ^^ carry ^^ as in the addition of compound denominate 
numbers, 

2. Divide iS 94 65. 4d. 1 far. by 7. 

PBOCESS. Explanation. — \ of £94 is £ 13 with a re- 

£ 8, d, fax, mainder of £ 3 = 60s. ; write the £ 13 in the 

7194 6 4 1 place of the pounds, and add the 60s. to the 

Yo Q K Q~ ^** f i o^ ^^*' ^® ®*' ^^^^ ^ remainder of 3s. = 

36(2. ; write the 9s. in the place of shillings, 
and add the 36(2. to the id. = 40(2 ; | of 40(2. is 6(2. with a remain- 
der of 6(2., which are equal to 20 far. ; write the 6(2. in the place of 
pence, and add the 20 far. to the 1 far. = 21 far. ; | of 21 far. is 3 
far. ; write the 3 far. in the place of the farthings, and the division is 
complete. Hence £ 94 68. id, 1 far. divided by 7 is £ 13 9s. 6(2. 3 far. 
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EuLE. — Divide the highest denomination by the divisor and 
reduce the remainder, if any, to the next lower denomination; 
add the remainder, thus reduced, to the number of this lower 
denomination and find the quotient of this sum. Proceed in 
the same way with each of the denominations to the last, and 
the several quotients connected together will be the entire 
quotient required. 

Prove as in the division of abstract numbers. 

Note. — When it is desired to find how often one compound denom- 
inate number is contained in another, reduce them both to their lowest 
common denomination, and divide as in abstract numbers. 

3. Multiply 16 bu. 3 pk. 1 qt. 1 pt. by 9. 

4. Multiply 9 cwt. 15 lb. 7 oz. by 25. 

6. Multiply 26 gal. 3 qt. 1 pt. 3 gi. by 12. 

6. Multiply 9 mo. 25 da. 8 hr. 46 min. by 8. 

7. Verify each of the foregoing. 

8. Divide 28 bu. 3 pk. 7 qt. 1 pt. by 7. 

9. Divide 9 cwt. 16 lb. 12 oz. by 12. 

10. Divide 35 gal. 3 qt. 1 pt. 2 gi. by 9. 

11. Divide 10 mo. 21 da. 15 hr. 30 min. by 6. 

12. Divide £ 27 15s. 9d. 3 far. by 7. 

13. How many bushels of wheat will 15 acres of land pro- 

duce at the rate of 9 bu. 3 pk. 7 qt. 1 pt. to the acre ? 

14. If a field of 3 acres produce 29 bu. 3 pk. 2 qt. 1 pt. of 

wheat, what is the average yield per acre ? 

16. What will it cost to slate a roof 60 ft. long by 40 ft. 
wide, at $ 2 per 100 sq. ft. ? 

16. What will be the cost of 375 planks, each 15 ft. long, 
18 in. wide, 2 in. thick, at $ 3 per 1000 board feet ? 
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17. A fanner sold in one summer 3758 boxes of fruit 

averaging one quart each. How many bushels did 
he sell? 

18. The area of a rectangular plane is 1665 sq. yd., and its 

length 45 yd. Find its breadth. 

19. The volume of a rectangular solid is 42000 cu. yd., and 

the area of its base, 900 sq. yd. Find its height. 
What is its capacity in gallons ? 

20. Find the area of the base of a rectangular box whose 

volume is 504 cu. ft. and height 7 ft. What is its 
capacity in gallons ? 

143. Longitude and Time. 

In order to reduce °, ', " of longitude to hours, minutes, 
and seconds of time ; and coifversely to reduce hours, min- 
utes, and seconds of time to degrees, minutes, and seconds 
of longitude, it is necessary in the first place to find the 
ratio between the denominations of time and the corre- 
sponding denomination of longitude. 

Every point on the earth's surface, except the poles, 
passes through 360° in a day of 24 hours, or 15® an hour, 

whence, 

15° of longitude = 1 hour in time. 
15' of longitude = 1 minute in time. 
15" of longitude = 1 second in time. 

That is, 1 hr. 1 min. 1 sec. in time corresponds to 15° 15' 
15" in longitude; or the longitude is to the time as 15 
to 1. Hence, 

To REDUCE Time to Longitude. 

Multiply the time expressed in hours, minutes, seconds 
by 15. 
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To REDUCE Longitude to Time. 

Divide the longitude expressed in °, ', " by 15. 

Note. — Since the sun appears to pass from east to west, when it is 
12 o^clock at any given place it will be after 12 o^clock at^all places 
east, and before 12 o'clock at all places west. 

In the examples that follow, longitude is reckoned from Greenwich. 

1. The city of Washington is 77® west. When it is noon 
at Washington, what time is it at Greenwich? 
When it is noon at Greenwich, what time is it at 
Washington ? 

Find the difference in time between two places when the 
difference in longitude is : 

2. 6°, 21'. 5. 98°, 35', 42". 

3. 9°, 30'. 6. 125°, 40', 32". 

4. 8°, 45', 12". 

Find the difference in longitude between two places when 
the difference in time is : 

7. 2 hr. 30 min. 10. 6 hr. 15 min. 20 sec. 

8. 5 hr. 15 min. 11. 10 hr. 37 min. 40 sec. 

9. 9 hr. 45 min. 16 sec. 12. 11 hr. 11 min. 11 sec. 
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CHAPTER VII. 

FRACTIONS. 
Primary Method. 

144. A Fraction is one or more of the equal parts of 
anything. 

Note. — This definition is merely provisional. When the frac- 
tional idea is thus concreted, each of the equal parts into which the 
whole is partitioned becomes a unit of a lower order ; as quart, pint, 
and gill do in Liquid Measure. The fractional idea becomes obscure. 
Concreted fractions should be treated precisely as Denominate 
Numbers. 

145. The Unit of the Fraction is the whole, which is 
partitioned. 

146. The Fractional Unit is one of the equal parts into 
which the whole is partitioned. 

147. The Denominator names the fractional unit. It is 
strictly a name in the concrete method, as quarts, shillings, 
•pounds, and should not be treated as a number. . 

148. The Numerator tells the number of fractional units 
taken. 

149. A fraction may be written in several ways; as, 
five-sixths, 5-6ths, f . 

150. The numerator and denominator taken together are 
called Terms of a fraction. 
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NoTB. — Let the teacher be at pains to make the pupil see that 
.twice \ is directly \ and not simply f = ^. 



152. Using the diagram D, illustrate the following : 

iof l = i; iof i = i; iof i = i; \oi\ = ^; ^ of 
TV = Tr^; iof ^ = ^; 2xi = l; 2xi = i; 2xi = i; 
2xTV=ii 2x^=^; 2xt^=T^; 2xTig=eV; ^x,*, =»; 
'*x^=t; *x^=A^> 4xrb=^; 8x^1^=^; 8x^=i; 
8XT^ = i; 8xtJt=tV; 8X7^=^; etc. 
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Illustrate by suitable diagrams the following : 
153. Fbaotion Table. 

ixl=l 2x^=1 ix\=^ 2x^^\ 

ixi=i' 2xi=i ixi=T»j 2XTV=i 

ixi=i 2xi=i ixi=A 2xTV = i 

ixi=i 2xi=i ix^ = ^ 2x3V=tV 

ixi = TV 2xTV = i *XtV = ^ 2x^=tV 

ixi = T»j 2XT»j = i iXTV = tV 2x,'f=Tlj 

ixi = T»ir 2x^=Tir iXTV = Vf 2x^=tV 

ix-iV=-sV 2xt^=tV ixVf = Ti»r ^>^-h=ii 

ix^= ^ 2x^=5^ ix^=xi7 2x^=:^j 

iX|(>f=yj7 2Xyj7=^ iXy^=T^ 2X1-^=^^ 

ixl = i 3xi = l ixl = i 4x i =1 

ixi = i 3xi = i ixi = i 4x i =i 

ixi = i 3x4 = i ixl=A 4XT>y=i 

ixi=^j 3XTV=i iXi=TV 4XTV = i 

ixi=^ 3XTl5=i iXi=:s>ff 4X3V = i 

ixi=A 3xTV=i ixi=^ 4x^ = i 

ix|=:j«r 3x^=1 ix|=^ 4x,tff = } 

ixi=5«t 3x^=i ixi=aV 4xT^ = i 

ixi=^ 3x^=i ixi=TJif 4x^5 = i 

\'x-^=iv 3x^=tV iXTiff=;,>j 4xt^=T»o 

ix,ir=iAr ?x^=tV iXT«r=V, 4xt^=A 

iXT>y=TAr 3x^=Tlr \X^=if 4X:^=T»j 

iXT»r=,V 3Xtlff=TV iXTV=l!^ 4XTfe=T^j 

VxA=T'f 3X^=^ iXT^=-I^ 4XTi7=tlff 
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\x^ = i 


5xi = l 


♦ xl = i 


6xi = l 


iXi=TV 


5XT^f=i 


*xi=^ 


ex^v^i 


iXi=T^ 


Sx^^i 


ixi=Ti(r 


6XTV=i 


txi=^ 


5x^=i 


*xi=A 


• 6x^=i 


ixi=^ 


5x^=i 


ixi=V,, 


6xA=i 


txi=^ 


6xTAr=t 


txi=TAr 


6x^=i 


iXi=TiV 


5X;^= + 


tX|=:,»f 


6x,^=| 


ixi=:^ 


5x:^=i 


ixi=A 


6x,V=i 


txi=A 


5xi,= i 


*xi=Vt 


6XTJt=t 


iXT»,r=i^ 


5xtHr=TV 


iXTV=A 


6x^=T>^ 


iXTV=V^ 


5xTAr=i»r 


*x^=,V 


6x,V=iV 


\x^=-h 


6x^=Tif 


iXT>j=^ 


6X^=T^ 


fxl = + 


7x| = l 


ixl = i 


8xi = l 


|Xi=TV 


7XtV=1 


i>^i=^ 


8XT>,= i 


+ xi=^ 


7x^=i 


ixi=A 


8x:j^=i 


+xi=^ 


7xA=i 


ixi=^ 


8XTfe=i 


+ xi=;Ar 


7x,«5=i 


ixi=A 


8Xi^=i 


fX^=:,>y 


Tx^=i 


ixi=:^ 


8x:(«ff=i 


|X|=:,«ff 


7X:,V=I 


ix|=^ 


8Xt4j= + 


|xi=TAr 


7xT^=i 


ixi=^ 


8x,^=i 


fx*=^ 


7XT^=i 


*xt=^ 


8x^=i 


fXTV=T»ir 


7xVff=T»ff 


ix,V=t^ 


8xt^=TV 


fXT>r=TV 


7x^=tV 


iXTV=tV 


8x^=^ 


= «>* 


7x^=t1j 


iXT»j=^ 


8xVir=T^ 
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*xl=i 


9x i =1 


TArXl = T»ff 


10x^ = 1 


*Xi = TV 


9XT»f = i 


TVxi = 5V 


10X5V = i 


*xi = ,V 


9x^ = i 


T*irXi = ifSy 


10xT^ = i 


ixi = ^ 


9xTAr = i 


TVxi = t»iy 


10x:^ = i 


iXi = :^ 


9xt«j = i 


TVxi = ^ 


10XT^ = i 


ixi = TJi 


9xg^ = i 


1^17X^ = 1^7 


10x^ = i 


ix| = ^. 


9x^ = 1 


tVx| = 7V 


10x^ = 1 


ixi = ^ 


9K^ = i 


T^7Xi = ,*ff 


10x-gV = i 


ixi = ^ 


9x-iT = i 


Axi = T^ 


10x^ = i 


iXTV=1(^ 


9x,V=tV 


To^lff^TOTT 


10XTk=TV 


ix^=^ 


9xTfV=iir 


TVXTV=T-h 


10xTiT=i»r 


iXTV=TiTr 


9XtU=i*j 


■ny^iT~T2ir 


lOXyb^lV 


iVxi = iV 


llx,»r = l 


tVx1 = tV 


12x^ = 1 


T»rxi = ^ 


llx^ = i 


TVxi = ^ 


12x^ = i 


TVxi = thr 


llxV. = i 


TVxi = TAr 


12x^ = i 


^x\ = ^ 


llX:^ = i 


Axi = :,>ff 


12x^V = i 


T»rxi = t^ 


llX-5V = i 


Axi = ^ 


12x^ = i 


TVxi = ^ 


llx^ = J 


TVxi = 7»j 


12xVj = i 


tVx| = W 


11x^ = 1 


T*lX| = ^ 


12xVt = l 


TVxi = ,rV 


llx^V = i 


TVxi = ^V 


12xT^ = i 


TVxi = A 


llXT^ = i 


tV-X i =TiF 


12xTiir=i 


-iVxT»ff=TiTr 


llXTi7=T^r 


•lVXTV=Tij 


12xriT=TV 


TVXTV=Tir 


llXTiT=T*r 


TVXTV=Tk 


12XTk=A 


■A-xA=Tb 


llx-rij=TV 


tVXtV=iV¥ 


12xTij=^ 
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354. Take f times |. 

OPERATION (a). 

i of 3-4ths=l-4tli. 
I of 3-4ths=2-4ths. 

: *"t^ OPERATION (6). 

OPERATION (6). iSee Diagram- 
In the abovij diagram the line AC \& divided into 4 equal parts, 

of which the dotted line BC represents the missing 4th. 

Now divide each of the 3 fourths into 3 equal parts, and take 2 from 

each of them as indicated by the braces. 

We shall then have 6 parts, and the parts will be 12th8; for, if 

each of the 4 fourths be divided into equal parts, the whole (or AC) 

will be divided into 12 equal parts. Hence f of | = |<^. 



T 


i 


i 


- 


- 






- 




bT 




\ 
















— +— -1 

i 



Illustrate the following: 

1. I of ^ is what part of 1 ? 8. 

2. I times ^ is what part of 1 ? 9. 

3. I of f is what part of 1 ? 10* 

4. f of 4 is what part of 1 ? 11. 
6. i of f is what part of 1 ? 12. 

6. ^ of f is what part of 1 ? 13. 

7. i of f is what part of 1 ? 14. 



I of I is what part of 1 ? 
J of ^ is what part of 1 ? 
f of 1^ is what part of 1 ? 
4 of J is what part of 1 ? 
I of 1^ is what part of 1 ? 
f of I is what part of 1 ? 
1 pt. is what part of a gal. ? 



155. A Proper Fraction is one whose value is less than 
the unit of the fraction; consequently its numerator is less 
than its denominator ; as, |, f , |. 

156. An Improper Fraction is one whose value is equal to 
or greater than the unit of the fraction ; consequently its 
numerator is equal to or greater than its denominator ; as, 

♦, i i- 
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357. A MfaECd Somber is an integer and a fracti(»i ; as 
2J,6f. 

1S8L A ^n^le Vntdan is a single fraction whose numer- 
ator and denominator are both integers ; as ^^ }. 

159L A CuB^omid Vntdan is a fraction of a fraction; as 
ioff;|xf 

XGOL a Comples Vntdan is one whose numerator or 

9 I I 
denominator or both, are fractions; as, f? f^ |- 

i -* f 

1j6L The Denomiiudiim of a fraction is the order of its 
fractional unit. 

162. Reduction of a fraction is the process of changing 
its denomination without alterii^ its value. 

163. Reduction Ascending is the process of changing a 
fraction to a higher denomination. 

101. Reduction Descending is the process of changing a 
fraction to a lower denomination. 

Beductiok. 

Case I. 

16Sl To reduce fractions to lower denominations (higher 
terms). 

1. Reduce I to ISths. 

OPBRATIOir. 

^__ IS EXPLAFATIOH. — l-6th = 3-18th8. 5-^ths 

"" "' =5 times 3-18tb8 = 15-18th8 : or, since the 

f = 5 times ^ =Ti- times as many ISths as 6ths in any nmn- 
Or, ber; therefore 5-6th8 is equal to 3 times 

1-3 times A^=|f. S-lSths, which is 15>18th8. 
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Reduce the following: 






2. 


f to 12tlis. 


22. 


^ to SOths. 


8. 


f to ISths. 


23. 


^ to eoths. 


4. 


1 to'24ths. 


24. 


f to 25ths. 


5. 


1 to 30ths. 


26. 


1 to 63ds. 


6. 


1 to 9ths. 


26. 


f to 48ths. 


7. 


1 to ISths. 


27. 


^^ to 108ths 


8. 


1 to 2l8tS. 


28. 


t4 to 96ths. 


9. 


I to 40ths. 


29. 


^ to 22d8. 


10. 


I to 20ths. 


30. 


^j to 44ths. 


11. 


I to SOths. 


31. 


^ to roths. 


12. 


1 to 64ths. 


32. 


^ to 64ths. 


13. 


I to 32ds. 


33. 


l\ to 32ds. 


14. 


I to leths. 


34. 


4to39ths. 


15. 


f to 14ths. 


35. 


II to 64ths. 


16. 


j to 42ds. 


36. 


Il to eoths. 


17. 


^ to 84ths. 


37. 


If to 34ths. 


18. 


f to.21sts. 


38. 


II to 36ths. 


19. 


f to 18ths. 


39. 


If to 84ths. 


20. 


I to 36ths. 


• 40. 


1^ to 99ths. 


21. 


4 to 72ds. 


41. 


If to 81sts. 



166. To reduce fractions to higher denominations (lower 

terms). 

Case 11. 

1. Reduce || to its highest denomination (lowest terms). 

OPERATION. Explanation. — Since 2-18ths make 
6-18ths = l-3d ; i_9th, S-lSths make l-6th, B-lSths make 
12 -J- 6 = 2 ; l-3d, and 12 is a multiple of 2, of 3, and 
therefore H = J. of 6 ; 12-18ths is reducible to Oths, 6th8, 
^ and 3ds. But 3ds is the highest denomi- 
' nation. ()-18ths uiake a 3d: therefore 
12 -5- 3 = 4 ; 12-18th8 make as many 3d8 as 6 is con- 
therefore II = f . tained times in 12, which is 2. Whence 
4->2 = 2- H=f;or 12-18ths may be reduced to Oths 

therefore | = |.' *^^ ^^^ ^^^' ^ ^^'' 
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Reduce the f oDowing 


^ to their highest denominations, and 


verify by 


reduction back to lower 


denominations by pre- 


ceding case : 










2. A- 


12. 


A- 


22. H- 


32. T%. 


42. M- 


3- A- 


13. 


A- 


23. ^. 


33. AV 


43. if. 


4. A- 


14. 


«• 


24. iJ. 


34. 1^. 


44. tW- 


6- M- 


15. 


H- 


25. ^. 


36. U. 


45. M- 


6. i|. 


16. 


«. 


26. i|. 


36. H- 


46. H- 


7- H- 


17. 


M- 


27. M- 


37. W- 


47. If 


8- ft- 


18. 


H- • 


28. i*. 


38. m- 


48. if. 


»• ft- 


19. 


M- 


29. ^A- 


39. H- 


49. tt- 


10. n- 


20. 


If- 


30. AV 


40. U- 


50. U- 


11. f 


21. 


i¥^. 


31. AV 


41- ti- 





Note. — The two cases above, the one in Reduction Descending 
and the other in Reduction Ascending, embrace all possible reductions 
of fractions. Let the teacher see to it that the pupil properly class the 
special cases that follow under one or the other of these heads. 

167. To reduce integers and mixed numbers to improper 
fractions. 

1. Reduce 15| to an improper fraction. 

OPERATION. Explanation. — It is required to express 

1 =s 4 . the integral part of the mixed number in terms 

1 5 --- 1 K v^ 4 __ 3 . of the fractional unit, and to combine it with 
5 j_ a — el ^^® fractional part in one expression. The first 

*' •" ^ "~ * * step involves reduction descending and falls 

under Case I ; in the second step the two expressions are merely com- 
bined in one. Since in one whole there are f , in 15 there are 16 times 
J, which is ^^ ; \o. and J = ^^^ . Whence 15} = Y". 

Reduce the following to improper fi*actions : 
2. 
3. 
4. 
5. 



H- 


6. 


9|. 


10. 


47f 


14. 


84|. 


H- 


7. 


lOf. 


11. 


42f 


16. 


72tV 


6J. 


8. 


25f 


la. 


59f 


16. 


91*. 


8f- 


9. 


36f 


13. 


fi"A- 


17. 


99^. 
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18^125}. 

20. O^ff. 

21. ^fV- 

22. 136^. 

23. 14-5ff 

24. 376i|. 



se. 589H 

27. 6d5J|. 

28. TOlfl. 

28. s&m. 

30. 729f|. 

31. 339H. 



S3. 776JI-" 

34. 999||. 

35. 6S3}}. 

36. 2o8}f 

37. i>r3^. 

38. 489^. 



39. 965||. 

40. 7a6}f. 

41. 224H 

42. 497ii. 

43. 735||, 

44. 765^. 

45. 873ff. 



IGBL To reduce improper fractioiis to integral or mixed 
numbers. 

1. Reduce ^ to a mixed number. 

OPEKATIOH. ExPLAHATiox. — It IS required to reduce ^ to l*s 

1^ -. 4 . and a fraction. This InTolves reduction ascending 

^«2 . >i i Ks s&nd foils under Case n. Since 4 makes a whole, 
* there are as many wholes m -\^ as 4 is contamed 
times in 63, which is 15f . Whence *^ = 15|. Or, since there are in 
any expression l^th as many l*s as there are 4ths, in 63-4ths there 
are J of 63 I's, which is 15^ 

Reduce the following to integral or mixed numbers, and 
verify by reduction back to improper fractions by the 
preceding case : 



2. 


«• 


10. 


¥• 


18. 


f 


26. 


n- 


34. 


^^- 


3. 


¥• 


11. 


V- 


19. 


f- 


27. 


fi- 


35. 


^W- 


4. 


¥• 


12. 


¥• 


20. 


I 


28. 


ll- 


36. 


"W- 


6. 


V- 


13. 


H- 


21. 


¥• 


29. 


M- 


37. 


w- 


6. 


V- 


14. 


M- 


22. 


¥• 


30. 


M- 


38. 


^Wi^- 


7. 


V- 


16. 


¥• 


23. 


¥• 


31. 


H- 


39. 


^^• 


8. 


V- 


16. 


¥• 


24. 


¥• 


32. 


u- 


40. 


¥:¥• 




V- 


17. 


¥• 


26. 


¥• 


33. 


^sw- 


41. 


w^- 
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1G9. To reduce dissimilar fractions to similar fractioofl. 

Fractions that have the same unit of the fraction and 
the same fractional unit; are said to be Similar ; otherwise^ 
they are Dissimilar. 

Similar fractions have, of course, a Common Denominator ; 
and wheti similar fractions are expressed in terms of their 
highest common fractional unit, they are said to have their 
Lowest, or Least Common Denominator. 

1. Reduce ^, f? f? f to similar fractions. 

OPERATION. 

1 __ 1 q£ 12—8 Explanation. — These fractions are sever- 

t Y TT IT- ^jjy red^cii,ie . j ^ ^^^^ q^y^^ gths, lOths, 

1 = If , 12ths, 24th8, 48th8, etc. ; | to 6ths, 9ths, 12th8, 

^ = I of H = tV; 2^^hs, 48ths, etx;. ; | to 8ths, 12ths, 24Lh8, 48ths, 
1 = 2 X A = A. ®*^- ' 4 ^ 12ths, 18th8, 24th8, 48ths, etc. 

From which it will be seen that these frac- 
1 = -J^j tions may all be reduced to 12th8, 24ths, 48th8. 

I = J of 41 = -^y Selecting 12ths as the highest common frac- 
i=zS X -At = T%. tional unit, or the least common denominator, 
we reduce as in Case I., and get ^, ^;, ^j, and 
1 = TT' iJ as the required fractions. 

Reduce the following to similar fractions, and verify 
each reduction by its converse process. 

Note. — Mixed numbers must first be reduced to improper fractions. 

2. i,i. 8. |,f. 14. ^,ff 

3. hk- »• if 15. |,H- 
4- hh 10- I'f 16- T^.!*- 

6. i,T>j. ' "• hi- 17. H,ii. 
e. i,f 12. I, A- 18- if,f|- 

7. hi- 13- iA- 19- ii>U- 



T*.^ 


vv ^-. k 


OC.X:«!'i!!C SCSX'C. A*^*^ 




*^ 


tfc 5. :, 1 


»- i-fiLH 


n. 


V * V 


•Sr f i- - V 


»^ *-^l.A>i 


tt. 


1 ^^ 


» i- .- {. 


»»- 2t.3J. 


t^jL 


^^ >- 


t* . „ V. 


as. .M-«f 


t^. 


MKF 


«. ?- ;- V 


3*. Sfl9|. 


t>)^. 


;. 4. |. 


*^ ^. .. ^ 


»r- tJi.*^- 









^ 




c , 


^ «.:v 


lis 


11 


i^ 


\l 


;K' 


>>l.».^U 


,*»- 


^ : 








s^%'«k 


V^' 


•\»x 


p 


i *- 


^^^ 




«- 


f «* 



lA:«;^».^«^rT>wt. — Soace only 

r:u:«.^:tnsiL :i]x;£ xaa. He- added 
ir ^uj3C3»aa«l. w« reduce 



tV; v;^u '.V 


^'v'\ .\ V*l n V 


l-tv 


.cti:> ;: 


7ca * 


i«f f -clowiag nom- 


sVXJv V\l \v\. \ 












\vK<v ^i^viu^^ .H u.x-.M umix)*c?c x> m(7r'/^i«tr :rafiB&iB&. 


V J r V 


* j - 


K 






t3. 1 ^ 1 ^ f 


« i -^ 


*• ^1 - 


^ 






t* H-*t*A^ 


*• ) i- 


• x.^. i ^ 


1- 






'- l-t-if 


A. \ J. 


iv i . 


J 

« 


- 1- 




1^ r--A^i 


V \ ir 


XJ. > ' 


i 


^ $- 




t* jt— * — f 


*• i^\: 


tJ^ f " 


i 


-^ 




3*. .V — H - f 


^ U - I- 


X*. i - 


< 

^1 






« l^i+if 


«4. i- i 


-rH 




t»«^ 


.i5v| 


^i*i-i5i. 


«*- -i^ 


3^i - -'V 




^ 


-TJ^- 


-iVi-lTil. 


7i — 


H^^ 




» 


c4 


-aw^ii: 


^t-'.N-"l- 




^» 


?.K- 


^:?ri-35i. 
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171. AVhere mixed numbers are large, addition or sub- 
traction of them is more readily performed without reduc- 
ing them to improper fractions. 

Find the sum of 245|J and 176f . 

Explanation. — Add the fractions 
opESATiON. separately; and if the result be an 

fj+f =f|+|^=fj=lff- improper fraction, reduce it to a 
245 whole or mixed number. Set down 

^r^/. the fractional part to the right of the 

units* place, and carry the integral 
part to the units* column, and pro- 
ceed as in the addition of whole 
numbers. 



422H 



Find the difference between 45f and 12J. 

Explanation. — The principle is suffi- 

OPERATION. ciently well indicated in the 3d process. 

1. 2. 3. Since ^j cannot be taken from ^, **bor- 

451 = 45iV = 44M ^^ ^* ^ ^^^^ ^°^ ^^ ^ units of the minu- 

124 = 12A- = 12A- ®'^^» reduce it to 12ths, add to 8-12ths, 

— — ^ -^ whichgivef!{;H-^j=}i; 2 from4 leaves 

32|^ S2\^ 2 : set down the 2 under the units' figure, 

and proceed as in subtraction of integers. 

Perform the indicated operations upon the following num- 
bers and verify ; 

1. 6751 + 363^. 8. 654^ + 359|. 

2. 937|f-f 789iJ. 9. 793if + 466f. 

3. 845^-692f 10. 912f-h263f 

4. 535~348if. 11. 530,2,- -250^. 

5. 983 -854^. 12- 591|-F965f. 

6. 734^ + 725^. 13. 832^-f434|. 

7. 3571 + 631,2^. 14. 947^ + 300^. 
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ixl = i 


5xi = l 


ixl = i 


6xi = l 


iXi=TV 


5XT^,= i 


txi=^ 


6x,>j=^ 


\^i=^ 


6XT')f=i 


ixi=A 


6xA=i 


ixi=,». 


5x^=i 


ixi=A 


■ 6x^=i 


ixi=^ 


5xVif=t 


ixi=TAr 


6xthr=i 


ixi=^ 


6xA=i 


ixi=Vr 


6x,V=i 


ix|=Vir 


5x^=1 


iXi=:^ 


6X:,>r=| 


ixi=:^ 


5x:^=i 


ixi=t^ 


6xtt=i 


ixi=t^ 


5xtV=i 


ixi=^ 


6xt^=i 


ix^^=-^ 


6xTsSr=T>ir 


ix^=^ 


6X^=Tlff 


ix^=-h 


5x^=,»r 


ix^=^ 


6xVir=A 


iXTV=IlV 


6xA=tV 


iXTV=TV 


6x^=A 


^xl = | 


7x| = l 


ixl = i 


8xi = l 


|xi=T^ 


7XT«i=i 


ixi=TV 


8XTV=i 


|xi=A 


7x^=i 


ixi=^ 


8x^=i 


|xi=:jHr 


7x^=i 


ixi=Vf 


8xVf=i 


|xi=t^ 


7Xt^=i 


ixi=A 


8xt^=i 


^Xi=:jV 


7X:,>I=i 


ixi=:^ 


8x,«,= i 


ixi=,>j, 


7X:Ar=l 


ixi=TAr 


8xTAr= + 


|xi=^ 


7xTAr=* 


ixi=Tr^ 


8x^=i 


fxi=^ 


7x^=i 


ixi=Vj 


8x^=i 


|XTV=T^r 


7x^=A 


ixTV=Tj>ir 


8x^5^= A 


fXT»r=T»r 


7xVr=T»r 


ix^=A 


8xtV=T»r 


fx^=^ 


'^^■h=^ 


ix^=TAr 


8x^=A 
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ixl=i 


9x i =1 


tVx1 = tV 


10x,i, = l 


ixi = A 


9XT», = i 


TVXi=5V 


10X5V = i 


txi = ,V 


9x^ = i 


TVxi = ;^ 


10x^ = i 


txi = ^ 


9xtV = i 


TVxi = ,'T 


10x^ = i 


ixi = :^ 


9X;,«j=i 


TVxi = ^ 


10xir^ = i 


ixi = Vt 


9xh = i 


1^17X1 = 1^7 


10x,Ar = i 


ix| = ^ 


9x^ = 1 


tVx| = tV 


10xtV = I 


ixi = ^ 


9xW = i 


Axi = A 


10xA = i 


ixi = ^ 


9x^ = i 


10^ 9 ~ TIT 


10x,^ = i 


iXTV=iAr 


9X7V=tV 


Ttr^TTr~Toni7 


10XTk=TV 


iXTV=iAr 


9xV»=T>r 


AXtT=TT17 


10xtH=^ 


iX^=Tk 


9XTiy=T»f 


■ny^TT~T2Tr 


10xtH=iV 


TS-xl = T»r 


11x^ = 1 


tVx1 = tV 


i2x,V = l 


■A-xi = ^ 


11 X ^ = i 


Axi = ^^ 


12x^5', = ^ 


TVxi = tSr 


llxt^ = i 


T^Xi = ,^ 


12x^ = i 


TVxi = ,V 


llx^ = i 


TVxi = :,»ff 


12x;r\ = i 


TVxi = T?, 


llx^ = i 


TVxi = T!V 


12x,^ = i 


TVxi = A 


llxA = i 


TVxi = TV 


12x^ = i 


tVx| = ^ 


lixA = l 


tVx| = ,^- 


12xVi = | 


TVxi = A 


llxT,V = i 


TVxi = -sV 


12xVr = i 


TS-xi = TAr 


llx^ = i 


tV"X i =Tiff 


12XT^=i 


TVXT»ff=TH 


llXTlTr=A 


IT X TIT =^ ITT 


12XriT=TV 


TVXT>r=TiT 


llXTiT=A 


TrXTT^^Tty 


12xTi^=^ 


tVX 1^=7^7 


llXTiy=TV 


TVXTV=liT 


12Xyij=TV 
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readily performed without reducing the mixed numbers to 
improper fractions. 

1. Multiply 187f4)y 12|. 

OPERATION. 

187} 

125^ product of | times the multiplicand. 
2253 product of 12 times the multiplicand. 

2378J product of 12J times the multiplicand. 

Multiply the following : 

2. 1829 by 12^. • 7. 374638^ by 276|. 

3. 2672byl8f. 8. 1728 by 37^. 

4. 7396T^by25f 9. 1694 by 19^. 
6. 4563|by36f. 10. 2736 by 37^. 
6. 8340|byl26|. 11. 5937 by 256f . 

Note to the Teacher. — Thus far the pupil has solved the ex- 
amples in fractions without having derived any general rules, or 
formulas, for the several processes ; but, if the subject has been 
thoroughly taught and the fraction table dwelt upon, he is now pre- 
pared t;o formulate rules. 

176. Let the pupil formulate a rule for each of the fore- 
going processes after the following model. 

177. To reduce a compound fraction to a simple fraction. 

EuLE. — Multiply the numerators together for a new numer- 
ator and the denominators together for a new denomiyiator, 

178. Illustrate by appropriate diagrams the following 
principles. 

Prin. 1. — Multiplying the numerator by any integer 
multiplies the value of the fraction by that number. 
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Prin. 2. — Dividing the numerator by any integer divides 
the value of the fraction by that number. 

Hint. — The number of the parts is decreased while the size of the 
parts remains unchanged. 

Prin. 3. — Multiplying the denominator by any integer 
divides the value of the fraction by that number. 

Prin. 4. — Dividing the denominator by any integer mul- 
tiplies the value of the fraction by that number. 

Prin. 5. — Multiplying both numerator and denominator 
by the same number does not alter the value of the fraction. 

Hint. — Show that the number of parts is increased in the same 
ratio as their size is decreased. 

Prin. 6. — Dividing both numerator and denominator by 
the same number does not alter the value of the fraction. 

Hint. — Show that the number of parts is decreased in the same 
ratio as their size is increased. 

179. Prom the provisional definition, " a fraction is one or 
more of the equal parts of anything," let the pupil be led to 
the truer definition : 

A fraction is one or more of the equal parts of a unit. 

A unit is abstract, always; it is one time, or once, a 
standard of measure. 

180. Examples for Oral Solution. 

1. What is meant by one-half, one-third, one-fourth ? 

2. How many halves in a whole ? How many thirds ? 

How many fourths ? How many fifths ? 

3. If an apple is divided into two equal parts, what is 

each part called? 

4. How many halves in 1 ? How many in 2 ? in 3 ? in 

4? in 6? in 6? in 7? 
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6. How many thirds in 1 ? How many in 2? in3? in4? 
in 5? in 6? 

6. How many quarters inl? in2? in 3? u^4:? 

7. How many fourths in 3 and 3 fourths ? 

8. How many fifths in 6 and 4 fifths ? 

9. How many sixths in 7 and 6 sixths ? 

10. How many sevenths in 8 and 6 sevenths ? 

11. How many eighths in 9 and 5 eighths? 

12. How many ninths in 12 and 7 ninths ? 

13. How many wholes in 12 halves ? 

Analysis. — Since it takes 2 halves to make 1 whole, there are one- 
half as many wholes as there are halves. One-half of 12 is 6. There- 
fore in 12 halves there are 6 wholes. 

14. How many wholes in a^? in ^? in ^? in ^? in 

4^? inY? i^V^ in^? inf^? 
16. What is i of 12? of 6? of 18? of 24? of 42? 

16. What is i of 4? of 8? of 12? of 16 ? of 24? of 48? 

of 60? 

17. Whatis^of 5? of 30? of 45? of 60? of 60? of 40? 

18. Whatis^of 6? of 12? of 24? of 48? of 54?of 60? 

19. What is I of 14 ? of 28 ? of 42 ? of 63 ? of 84 ? 

20. Whatis^of 16? of 24? of 48? of 64? of 72? 

21. If a man earns 60 dollars in 1 month, how many will 

he earn in J of a month ? in f ? in f ? in ^^ ? 

22. What will ^ of 15 doz. eggs cost at 8 cents a dozen ? 

23. If Ennis has 120 cents, and Grantland ^ as many, less 

10 cents, how many cents has Grantland ? 

24. A man bought a horse for 108 dollars ; he gave ^ as 

much for a carriage as he paid for the horse, and -f 
as much for a harness as he paid for the carriage. 
How much did all cost him ? 
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26. 6 is J of wliat number? 

Analysis. — 6 is J of 4 times 6, which is 24. 

26. 5 is I of what number ? 

27. 8 is ^ of what number ? 

28. 12 is I of what number ? 

29. 16 is \ of what number ? 

30. 20 is ^ of what number ? 

31. 25 is how many times 5 ? 2^ ? 10 ? 

32. 36 is how many times 6 ? 3 ? 1^ ? 

33. 64 is how many times 8?4?2?16?32? 

34. 81 is how many times 9 ? 3 ? 27? 
36. 45 is how many times 5?9?15?3? 

36. 75 is how many times 25 ? 15 ? 5 ? 3 ? 

37. f of 20 is how many times 5 ? 

38. f of 60 is how many times 9 ? 

39. If ^ of a yard of cloth costs 10 cents, what will a yard 

cost? 

40. If ^ of a pound of coffee cost 6 cents, what will a pound 

come to ? 

41. A man gave 26 cents for his dinner, which was ^ of 

all the money he had. How much money had he ? 

42. If I of a ton of hay cost 3 dollars, what will f of a ton 

cost ? 1 ton ? 

43. A farmer sold some sheep, and gained by the sale 24 

dollars which was \ of what the sheep cost him. 
What was the cost of the sheep ? 

44. Frank had 60 apples, and divided J of them equally 

among 3 of his playmates. How many did each 
receive ? 
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46. A planter sowed 48 acres in oats ; ^ of this was just ^ 
of the number of acres planted in wheat. How many 
acres did he plant in wheat ? 

46. Bought a horse and buggy; for the horse I gave 75 

dollars, which was ^ of what the buggy cost me. 
What was the cost of both ? 

47. If J of a man's wages for 1 month amount to 27 dol- 

lars, what will his month's wages come to ? 

48. If J of a yard of cloth cost 9 cents, what will be the 

cost of 1^ of a yard ? 

49. What will a barrel of flour cost, if f of it cost 10 

dollars ? 

50. A watch was sold for 12 dollars, which was f of what 

it cost. What did it cost ? 

61. John paid ^ of his money for a gun; he then gave 4 
dollars for ammunition, which was | of the money 
he had left. How much money had he at first ? 

In ^ how many I's ? In ^ how many I's ? 

In ^ how many I's ? ^^ ii how many I's ? 

In ^ how many I's ? ^^ M how many I's ? 

In ^ how many I's ? In ^^ how many I's ? 

In ^ how many i's ? In ^y^ how many I's ? 

In ^ how many I's ? I^^ ff how many I's ? 

In ^^ how many I's ? ^^ M how many I's ? 

' In ^ how many I's ? In | how many 4ths ? 

In j^ how many I's ? ^^ t how many lOths ? 

In If how many I's ? In ^ how many 36ths ? 

in fj^ how many I's? In f how many 12ths ? 

In I how many I's ? In -J- how many 24ths ? 
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In ^ how many I's ? ^ i how many 48ths ? 

In ^ how many I's ? ^^ A ^^^ many 72ds ? 

In -jy^ how many 2's ? Iii H ^ow many 90ths ? 

In ^ how many 3's ? In f how many 64ths ? 

In -ffg^ how many 4's ? ^^ yf ^^^ many 64ths ? 

How many 8ths in ^\ ? in || ? in f| ? 
How many 6ths in ^ ? in|f? inff? 
Howmany 7thsin||? in ff ? inff? 
How many 9ths in f ^ ? inff? in^? 
How many 5ths in |f ? in |f ? in ^ ? 
How many 4ths in ^ ? in|f? in f^? 
How many 3ds in f | ? in |f ? in ff ? 
How many 12ths in f^ ? in |^ ? in ^^^ ? 
How many 13ths in ff ? in |^ ? in |f ? 
How many 15ths in f| ? in J^ ? in f ^ ? 
How many 20ths in y^T^ ^ ^^H"^ i^ M • 
Howmany 25thsin|^? in^s^? in^? 
What is f in its lowest terms ? f ? i^ ^ 
What is 3^ in its lowest terms ? ^^ ? ^^ ? 
What is T^f in its lowest terms ? ^^? ^f? 
What is ^ in its lowest terms ? 3% ? yV ? 
What is j\ in its lowest terms ? ^^^ ? |^ ? 
What is li in its lowest terms ? fj? if? 
What is -j^j^ in its lowest terms ? fj ? ^f ^ 
What is 1^ in its lowest terms? f^? ^|? 
What is f f in its lowest terms ? f| ? ff ^ 



? 
? 



? 
? 
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What is 1} in its lowest terms ? ^? ^? 
^ of 30 is how many thirds of 12 ? 
AKALT8I8.— fof 30 = 24; }of 12=4; 24-^4 = 6. 

j^ of 48 is how many halves of 14 ? 
f of 12 is how many sixths of 24 ? 
^ of 64 is how many fifths of 25 ? 
f of 42 is how many thirds of 36 ? 
^ of 60 is how many eighths of 40 ? 
^ of 108 is how many sixths of 64 ? 
\^ of 46 is how many thirds of 21 ? 
1^ of 76 is how many thirds of 27 ? 

18L Fractions — Proper. 

A fraction is one or more times the reciprocal of an 
integer. 

Let a quantity measured in terms of a given unit be 
represented by 6 ; then its reciprocal (the unit measured in 
terms of the quantity) will be ^ ; twice the reciprocal = | ; 
3 times ^ = f ; etc. 

The reciprocal is \ the quantity represented by 6 (^ of 6 
or I), and not its reduced equivalent 1. Whjen thus reduced 
it loses its fractional character and becomes properly an 
integer of a lower order. For example, J times (of) a gallon 
is strictly a fraction ; but 3 quarts is an integer. 

In the first place the fractional idea is explicit; in the 
second, implicit. 

In general, any number thought explicitly in terms of a 
higher unit (unit of the fraction) is a fraction; thought 
explicitly in terms of its own unit (fractional unit) is an 
integer. 

To Tbaohbb. — The concrete method of presenting fractions offers 
an easy and natural introduction to fractions; but it must not be 
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lost sight of that abstract ideas refuse to be perfectly ** concreted.** 
The newsboy ** handles" coppers, nickels, dimes, quarters, halves, 
and dollars with as little difficulty as the grocer measures sgrrup or 
vinegar by the gill, pint, quart, gallon. But this facility in dealing 
with fractions in the concrete does not, however, necessarily imply 
a mastery of those processes that are adequately presented only in 
the abstract. 

182. From the conception of division embodied in its 
definition, it follows that a fraction is an indicated divi- 
sion. The numerator is the dividend and the denominator 
the divisor. 

183. The value of a fraction is the quotient of the numer- 
ator divided by the denominator. 

184. Every fractional process has its rationale in some 
one of the following principles : 

Pbin. 1. — Multiplying the numerator by any integer 
multiplies the value of the fraction by that number ; as, 

1=4,^ = 2X4 = 8. 

Prin. 2. — Dividing the numerator by any integer di- 
vides the value of the fraction by that number; as, 

48^4.48^2^4^2 = 2. 
12 ' 12 

Pbin. 3. — Multiplying the denominator by any integer 
divides the value of the fraction by that number ; as, 

^ = 4; -^^=4^2=2. 
12 ' 12 X 2 

Pbin. 4. — Dividing the denominator by any integer 
multiplies the value of the fraction by that number ; as, 
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Prin. 6. — Multiplying both numerator and denominator 
by the same number does not alter the value of the fraction ; 

' 12 ' 12 X 2 

Pbin. 6. — Dividing both numerator and denominator by 
the same number does not alter the value of the fraction ; as, 

12 ' 12 H- 2 

Prix. 7. — Or generally, the value of a fraction varies 
directly as the numerator, and reciprocally as the denomi- 
nator. 

Prin. 8. — The sum of the quotients equals the quotient 
of the sum ; as, 

§(=4) + |(=2)=«±i=6. 



Prin. 9. — The difference of the quotients equals the quo- 
tient of the difference ; as, 

2^ ^ 2^ ^ 2 2 



185. Reduction of Fractions. 

The reduction of a fraction is the process of changing its 
terms without altering its value. 

186. Oase I. 

To reduce a fraction to its lowest terms. 

A fraction is in its lowest terms when its numerator and 
denominator are prime to each other. 
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1. Reduce ^ to its lowest terms. 



OPERATION. 




9 


^-3 


3 




12 


H-3 

Or, 


4 




9 
12 


3x 
4x 


1= 


.3 
'4 



Explanation. — Divide both terms by their 
common factor 3 (Prin. 6). Since 3 is their only 
common factor, or their G. C. D., its removal 
leaves the terms prime to each other. Hence the 
fraction has been reduced to its lowest terms. 



Rule. — Divide both terms of the fraction by any common 
divisor and continue the division until no number greater than 
1 will exactly divide them. 

Or, 
Divide both terms by their greatest common divisor. 
Reduce to their lowest terms : 



2. U 
3- U 
4. M 



tttt! "rtri TF» hsf tf» tI* 

Tff' Tff? TF) ^F' Tff 5 rs- 

Fs> Fffj TSff! Mt! tbt> Tin- 



5. 


894. • 27g- 126 • 108 
67T> 425 > tTm 13T 


> ^S^fj T9TJ TF^' 


6. 


^M 5 tM? T5Tr> fff 


216 . 126 . 126 
> ^Ta? TW> TTtT' 


7. 


294. 126 . 182 . 125 
ttty tetj 1T¥> TTT 


252 . 192 
YTti T24* 


8. 


16? 5 ^45 J TTYJ 2Ta 


154. 252 
1T¥> ttt* 


9. 


5TF> tW> 872 » 6TT 


>m- 



187. 



Case //. 



To reduce a fraction to higher terms. 

A fraction is expressed in higher terms when an integer 
has been introduced as a factor into both its numerator and 
denominator. 
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1. Heduce f to 12ths. 

1 9^^*l™^q Explanation. — Multiply both terms (Prin. 5) by 

IZ -*- 4 — o ; ^g number that will change the denominator 4 to 

3x3 _ 9_ 12, which is 12 -^ 4 = 3. 3 introduced as a factor 

4x3 12 into both terms brings the fraction to higher terms. 

Rule. — Mvltiply both terms of the fraction by thai number 
thai will bring the given denominator to the required denomi- 
nator. 

Reduce the following : 

2. |^to95tlis. 12. ^to99tlis. 

3. f to21sts. 13. Jyto72ds. 

4. I to99tlis. 14. I toSeths. 
6. |to27tlis. 15. ^Aj^ to 48tlis. 

6. I to lOSths. 16. \^ to 210tlis. 

7. f to 28tlis. 17. ^ to sooths. 

8. ^ to 63ds. 18. \^ to 798ths. 

9. T^to45ths. 19. f to20ths. 

10. f to 30ths. 20. ^ to 72ds. 

11. f to20ths. 21. ^to83ds. 

1B8. Case III. 

To reduce a mixed number to an improper fraction. 

1 . Reduce 25f to an improper fraction. 

Explanation. — Reduce the integral 
part to a fraction having the denomina- 
tor of the fractional part (Caise II.) and 
add the integer thus reduced to the 
fraction (trin. 8), Whence the re- 
quired improper fraction is J-J^. 

Hence tlie 

Rule. — Multiply the integer by the denomiriator, add the 
numerator to the product, and set the sum over the denominator. 







OPKBATION. 




25 = 


25 
1 


25x4 
' 1x4 


100 
4 






H^+f= 


_ 1J3 
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Bednce the following to 


improper fractions : 




2. 12|. 




7. 41^^. 


12. 39^. 


17. 


99^. 


8. 76|. 




8. 60f 


13. 43|f. 


18. 


49f. 


4. 18^. 




9. 72f 


14. 79|i. 


19. 


1271^. 


6. 19|. 




10. 83f. 


16. 63^. 


20. 


346^. 


«. 37|. 




11. 27f 


16. 84f|. 


21. 


943Vyt. 




22. 


846V8V- 


23. 


793fH- 
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Case IV. 



To reduce an improper fraction to a whole or mixed 
number. 

1. Reduce ^ to a mixed number. 

OPERATION. 

¥ = 54 -1- 9 = 7JL 
»* ExPLAWATiON. — Perform the in- 

Oi"? dicated division ; or divide both 



64 64H-9 64-5-9 



= H' 



terms by the denominator (Prin. 0). 



9 9H-9 1 

Rule. — Divide the numerator by the denominator. 
Reduce the following to whole or mixed numbers : 

2. 1^. 6. J^fA. 8. ^^, 11. »^^. 

3. i^. 6. ijJV^. 9. -Wt^. 12. Wft^. 16. A-Vb^^. 
4- W- 7. ^m. 10. iy^. 13. :i\^. 



14. liy^.. 



190. Case V. 

To reduce two or more fractions to similar fractions; 
that is, to others having a common denominator. 

Fractions are said td have a common denominator when 
they have the same denbminator. The common denomina- 
tor must be a multiple, better the least common multiple, 
of the several denominators. 
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1. Reduce f, J, ^, ^ to a common denominator. 



OPERATION. 

24-4 = 6; 
3x6 18 



4 


x6 


24 


24 


H-3 = 


= 8; 


2 


x8 


16 


3 


x8 


24" 


24 


H-6 = 


= 4; 


6 


x4 


_20 


6 


x4 


24 


24 


-1-8 = 


= 3; 


7_ 


x3 


21 



Explanation. — Find the L. C. M. of the denom- 
inators to be 24. 

Reduce the several fractions to others having 24 
for their common denominator, by Case II. The 
fractions thus found are J}, if, ff , and }J. 



8 X 3 24 

Rule. — Find the L. O. M. of the denominators for the 
common denominator, and midtiply both terms of each fraction 
by that number that tviU severally bring the given denominators 
to the required denominator. 

Reduce the following to similar fractions : 



^' yfj ^» A> tJ TT' 



4. 


i 


. 1; h A; If- 


6. 


\ 


Tiy W> tI- 


6. 


1 


. f ; h A; if 


7. 


i 


■ff> tV> To 5 TO" 


8. 


1 


> A 5 M J TT- 


9. 


i 


A; W; H- 


10. 


f 


> 7> TT* 25 • 


H. 


i 


f 5 ITJ thtJ To* 



12. H; M; f ; tV; f 

13. i; 1^5 tVj A- 

1^' TT't Tnr5 42 5 ft 5 A' 

16- h T^i il; M; A- 

1^* ¥> ^5 lf> irj5 "At* 

18. I; f ; A; H; ^. 

19- H; I; A; *; I- 

20- h A; H; H; tt- 

21- H; «; M; if; H- 
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191. Addition and Subtraction. 

Similar fractions only can be added or subtracted. 
Find the sum of if, ^, ^. 



OPERATION. 



Explanation. — Re- 
duce to similar fractions 
T + i + A = if + i4 + A; (Case V.). Add the 

12 14 9 ^ 12 + 14 + 9 ^ 35 ^ 5 numerators (Prin. 8). 
42 42 42 42 42 6* ^^euce the sum is }{ 



Find the difference between f and |. 

OPERATION. Explanation. — Reduce to similar 

I — I = H- — ^ ; fractions (Case V.) . Subtract the numer- 

10 Q 10 — Q 1 ^^^^ ^^ ^^® subtrahend from that of the 

— — — = — — — = — . minuend (Prin. 9). Whence the differ- 

12 IZ 12 12 enceis^Jj. 

Rule for Addition. — Reduce the fractions to similar 
fractions when necessary; then add the numerators and place 
the sum over the common denominator. 

Rule for Subtraction. — Reduce the fractions to similar 
fractions when necessary ; then subtract the numerator of the 
subtrahend from the numerator of the minuend and place the 
difference thus found over the common denominator. 

Perform the indicated operations upon the following : 

1- A + ll; A + « + il; H + A + A- 

2- U + U + ^i « + /ff + M; «-f 

fi iLi-i-^l- Ug -I- ggg ' 218 — 8 1 7 
^' tit ' Tfo> Ttt^ttty ttf ttt' 

'• 5810 • 8160 » T2Tr Trst^ ^* it' 
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192. To add and subtract mixed numbers. 
1. Find the sum of 7|, 5|, 18f 

OPEBATION. Explanation. — Find the sum of the inte- 

7 + 5 -f 18 = 30 gers, which is 80, and the sam of the fractions, 

|. -f ^ -f- |. = _2J which is 2J. Then the sum of both integers 

321. and fractions will be 30 + 2^ = 82^. 

ItuLE. — Add the integers and fractions separately; then add 
their sums. 

2. From 65| take 23f. 

Explanation. — Reduce the fractional parts to 

OPERATION. similar fractions. The fraction of the subtrahend 

65J =5 65^ is larger than that of the minuend. Therefore 

23f = 23fJ " borrow " 1 unit (= Jf) from the units' place 

'JTTo,{5\ ^^^ ^^ i^ to the fraction of the minuend, ^; 

^^^^ A + if = i? ; i? - « =1* or i. Set down the 

fraction to the right of the units' place and proceed, 3 from 4, etc., as 

in subtraction of integers. 

3. 425f + 671| ; 325^5^ -h 136^ ; 129^} - 37|f . 

4. 227^ + 183^ ; 673^ + 972^ ; 329^ - 226J. 

6. 864f -f 460if ; 796^ -f 549|f ; 249^ -87^^. 

193. Multiplication and division. 
To multiply a fraction by an integer. 

1. Multiply -,3^ by 2. 

OPERATION. 

4 ii Explanation. — Multiply the numerator by 

TT^'^~iT~-'-?' the integer (Prin. 1) ; or divide the denomina- 

Or, tor by the integer (Prin. 4). Hence the result, 
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lit 


iply the following : 






2. 


|fx8. 


7. if Xl6. 


12. 


T«^X144. 


3. 


«x6. 


8. ^ X24. 


13. 


U Xl8. 


4. 


«x7. 


9. U X5. 


14. 


ii X24. 


5. 


Hx3. 


10. tl xlO. 


16. 


li x21. 


6. 


ttx9. 


11. tVVx12. 


16. 


^ X64. 
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194. To divide a fraction by an integer. 
1. Divide ff by 5. 



FIRST OPEKATION. 

10 - 10-8-5 2 
-"*® = ^2-=i2V6 



12 



10 - 
12-"^ = 



SECOND OPEBATION, 
10 



60\6j 



Explanation. — Divide the numer- 
ator or multiply the denominator by 
the integer (Prins. 2 and 3) as in the 
first and secood operations. Or, 
since by the definition of division to 
divide a quantity by 6 is to take it as 
many times as there are units in its 
reciprocal |, take |f ^ of a time, 
setting down the step in the form of a 
compound fraction. 



12x5 

THIRD OPEBATION. 

i*-«-5 = iofH=A(i). 

FOUBTH OPERATION. 

H+6=iofH=«a)- 

Bulb. — Divide the numerator, when it can he exacUy done, 
or multiply the denominator by the integer. 

Or, 
WrUe the division in the form of the compound fraction, 
and multiply the numerators together for a new numerator, 
and the denominators together for a new denominator. 

Divide the following : 



2. ^by2. 

8. I by 4. 

4. A by 3. 

5. 4* by 6. 
«. if by 6. 
7. ffbyia 



8. T^by33. 

9. if by 24. 

10. |iby27. 

11. ffby27. 
12- iittby26. 
13. fiby8. 



!*• imbyl44. 

16. Hfby26. 

16. HMbyse. 

17. Htby28. 
18- *efby73. 
19. MM by 76. 
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195. To multiply a fraction by a fraction. 
1. Multiply I by f 

OPERATION. Explanation. — To multiply by f 

i^f— 5^*i^YTi Vrir)* is to take the quantity to be multi- 
plied f of a time. 1 time | is | ; f times } is J of }; f of | is a 
compound fraction. 

Rule. — Write the fractions in the form of the compound 
fraction and apply the rule for the reduction of compound 
fractions to simple fractions. 

196. To divide by an integer or a fra(*tion. 

Note. — The student understands upon what principle the integer 
and the fractional unit stand related as reciprocals, each of the other ; 
how \ is the reciprocal of 4, and 4 the reciprocal of \, What then is 
the reciprocal of f ? } is 3 x }, and the reciprocal of 3 x J is J x 4, 
which is f . 

For convenience, integers may be written in the fractional form 
with the denominator 1 (6 = f ), and, as a memory help, the reciprocal 
may be thought of as the fraction inverted. 

1. Divide^by2; f by |. 

PKOCE88. Explanation. — By definition, division 

g .9_i fs___5 ^ ^® process of taking one number as 

TT ~ "~ 2" TT "^ 2 ?• many times as there are units in the recip- 

T"*"^ 1^ = 1^ of f = 1^ rocal of another. Whence the following 

Rule. — To divide by any number, multiply by its redp- 
rocal. 

Perform the indicated operations upon the following : 

2. I -^3. 9. il-^f. 16. ^ -hf. 

3. H-^i 10- * ^^' 17. VV -f 

4. 6f ^i. 11. I -^4. 18. II ^f 
6. |ofi-^|of|. 12. 11^5. 19. 5| ^^. 

6. |-!-|. 13. IjH-f 20. 7| -5-2J. 

7. ^-^^ 14. fi-5-f 21. 18f-hl2|. 

8. l-hA- 16. ii-^f 
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197. Another method of dividing one fraction by another. 
1. Divide 3^ by f 

OPERATION. Explanation. — Since division is the 

3 2 __ 3x2 _ 6_ converse of multiplication, and the multi- 

4 3~'4x3""l2 plication of fractions is performed by mul- 

Hence tiplying the numerators together .for a new 

fi 9 fi -!- 9 ^ numerator, and the denominators together 

— - -s- - = ^^ ' ^ = -. for a new denominator, the division of one 

XA tf x^ . c» •* fraction by another may be performed by 

dividing the numerator of the dividend by the numerator of the 
divisor, and the denominator of the dividend by the denominator of 
the divisor. 

Rule. — Divide the numerator of the dividend by the 
numerator of the divisor for the numerator of the quotient, and 
the denominator of the dividend by the denominator of the 
divisor for the denominator of the quotient. 

Note. — If the division cannot be exactly done, multiply both 
terms of the dividend by the L. C. M. of the terms of the divisor. 



Divide : 






2. Hbyf 


5- fbyf 


8. 5ibyH. 


3. ift-byf. 


6- Ibyf. 


9. 18|by6i. 


4- HbyA- 


7. 7iby2i. 





19& Examples for Revievsr. 

1. If 6 men consume -^ of a barrel of flour in 1 month, 

how much will 1 man consume in the same time ? 

2. If a bushel of corn is worth J of a dollar, what is ^ of 

a bushel worth ? 

3. From Intake If 

4. A farmer owning 172-^^ acres of land purchased 54^ 

acres at one time and 6^^ acres at another time. How 
much land had he after the last purchase ? 
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6. A wall was built by 4 men. Tbe first worked 7\ days ; 
the second, 8^ days ; the third, 9f days ; the fourth, 
4| days. How many days did they all work at it ? 

6. At 5^ cents a pound, how many pounds of rice can be 

bought with 48 cents ? 

7. A man owning 378| acres of land sold 93|^ acres. How 

many acres had he left ? 

8. What is the cost of 5\ cords of wood, at 4| dollars a 

cord? 

9. What is the cost of 6^ gallons of syrup, at 87|- cents a 

gallon? 

10. At f of a doUar a hat, how many hats can be bought 

for 11^ dollars? 

11. If 2 1 boxes of oranges cost 5^ dollars, what is the 

cost of 1 box ? 

12. Express in lowest terms the product of l-fi-f-| + ^ 

13. What will 6^ gallons of kerosene oil cost at 18 J cents 

a gallon ? 

14. How many barrels of apples at 4^ dollars a barrel .can 

be bought for 42 dollars ? 

16. A farmer, owning 387 acres of land, at one time sold 
122J acres, and at another, 93^ acres. How many 
acres has he left ? 

16. What must I pay for 19| yards of cloth, at 14 J cents a 

yard? 

17. If a man earns 2^ dollars a day, how much will he 

earn in 5f days ? 

18. If a fruit dealer makes S\ cents on every quart of 

cherries he sells, how many quarts must he sell to 
make 87^ cents ? 
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19. What will 16f yards of cloth cost, at 16| cents a yard? 

20. If f of a yard of flannel costs 40 cents, what will 7\ 

yards cost ? 

21. From a piece of cloth containing 35|^ yards, 18f yards 

were cut off. How many yards were left ? 

22. In a certain orchard ^ of the trees bear peaches, \ of 

them pears, ^ of them cherries, 126 of them apples, 
and 75 of them plums. How many trees are there 
in the orchard ? 

23. If John earns |^ of a dollar a day, how long will it take 

him to earn 10 dollars ? 

24. What is the cost of 15^ tons of coal, at 3^ dollars a 

ton? 

26. A spent J, \, and ^ of his money, and had 100 dollars 
left. What had he at first ? 

26. If I spend ^ of my money, then ^ of what is left, then 

^ of what remains, what part of the whole will I 
have left? 

27. What will 8756^ pounds of sugar cost, at 7\ cents a 

pound ? 

28. A man paid 8766^ dollars for sugar, at 15 dollars a 

barrel. How many barrels did he buy ? 

29. What is the value of 18^ barrels of apples, at 4^ dollars 

a barrel ? 

30. A grocer gains 7| cents on each pound of butter he 

sells. How many pounds must he sell to gain 113J 
cents ? 

31. How much must be paid for 23f tons of coal, at 5 J 

dollars a ton ? 

32. A boy, having 27^ dollars, spent 17| dollars. How 

much money had he left ? 
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33. If a man walks 3 miles in | of an hour, in what time 
does he walk 1 mile ? 

84. What is the quotient of 99| divided by 19^? 

35. A young man, having 98 dollars in the savings bank, 

drew out 53^ dollars at one time and 17f dollars at 
another. How much had he left in bank ? 

36. If a man can perform a certain journey in 22^ days, in 

what time will he perform ^ of the journey ? 

37. If ^ of a yard of cloth cost ^ of a djoUar, what will 1 

yard cost ? 

38. A man bought a farm for 3437^ dollars, paying 12^ 

dollars an acre. How many acres of land did he 
buy? 

39. The difference between \ and ^ of a number is 63^. 

What is the number ? 

40. If I of a gallon of vinegar cost f of a dollar, what will 

•| of a gallon cost ? 

41. A paid 1200 dollars for ^ interest in an ice factory. 

What part had he left after selling f of ^ of his 
share, and what was it worth ? 

42. The sum of two numbers is ^, and the smaller number 

is ^. What is the larger number ? 

43. What must be added to f of | to make it equal to ^ of 

2i? 

44. I of f of what number gives 180 ? 

45. A lady bought 17^ yards of silk, at If dollars a yard ; 

2 J yards of velvet, at 3\ dollars a yard; 5 yards of 
lace, at |- of a dollar a yard ; 3 pairs of gloves, at 1\ ^ 
dollars a pair ; 1 dozen handkerchiefs, at ^ of a dol- 
lar each. What was the amount of her bill ? 
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46. Into how many pieces of 18| yards each can 186f yards 

of silk be cut ? 

47. If I buy ^ of 3^ of a store, and then sell | of what I 

bought, what part of the store do I own ? 

48. A bought of B 87^ pounds of coffee, at 16f cents a 

pound ; and B, at the same time, purchased of A 25 
bushels of corn, at 63J cents a bushel. What is the 
difference in their bills, and to which one is it due ? 

49. A man owing the following amounts, $66|, $31f, 

$27^^, $58^, has but $115. After paying what 
he can, how much will he still owe ? 

60. At f of a dollar a yard, what will |^ of a yard of cloth 

cost? 

61. If I sell a ^ of f of I interest in my business for 

$4000, what is the business worth ? 

62. A grain dealer bought 358| bushels of com, at f of a 

dollar a bushel ; 420 bushels of oats, at f of a dollar a 
bushel ; 146^ bushels of rye, at f of a dollar a bushel ; 
651^ bushels of wheat, at | of a dollar a bushel. What 
must he pay for all ? 

68. If f of a yard of cloth be worth ^ of a dollar, what is 
the value of a yard ? 

64. What fraction is that to which if ^ of | be added the 
sum will be 1 ? 

66. Simplify |. 

Solution. i = f-j-f = fx^ = f. 

By infipection it may be seen that 8 is the product of the extremes, 
and that 9 is the product of the means. Whence, to reduce a complex 
fraction to a simple one, — 
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Multiply the extremes together for the numerator, and the means 
together for the denominator. 

66. Simplify ^(^-jj, -g, ^, ^, 9zrnr6T2- 

Note. — The signs of multiplication and division take precedence 
over the signs of addition and subtraction, because an indicated prod- 
uct (or quotient) is the true product (or quotient) (Art. 51), that is, 
the plus and minus signs enclose the terms of an expression. 

Whence * °^ t + J x I - (t oU) + (i x It) « 
9-Jx0h-2 9-(lx6-f-2)" 

., a- V* i + ^ + i ot ^ 



^ 3 
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CHAPTER VIII. 
DECIMAL FEACTIONS, OR DECIMALS. 

199. The reciprocals of the integral orders of units above 
the first — tens, hundreds, thousands, etc. — give rise to 
corresponding fractional orders of units — tenths, hun- 
dredths, thousandths, etc. — known as Decimals. 

200. These decimal orders sustain to each other a rela- 
tion the reciprocal of that which subsists between their 
corresponding integral orders ; thus, the relation of a hun- 
dred to ten is 10, whilst the relation of a hundredth to a 
tenth is ^ ; whence there result regularly descending orders 
of units which readily unite with the integral orders to form 
a system of units increasing upwards and decreasing down- 
wards in a tenfold ratio. 

This is clearly set forth in the following 

2QL Table of Relations. 

Ten Thousandths make a Hundredth. 
Ten Hundreths make a Tenth. 
Ten Tenths make a Unit. 

Ten Units make a Ten. 

Ten Tens make a Hundred. 

Ten Hundreds make a Thousand. 

Note. — Tenths are called decimals of the 1st order ; hundredths, 
decimals of the 2d order ; thousandths, decimals of the 3d order, etc. 

202. Decimal denominators may be expressed or in- 
dicated; but they are commonly understood and not 
expressed. 
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203. When expressed, one denominator may be made to 
suffice for several orders of decimals ; as, 1 decimal unit of 
the 1st order, 1 of the 2d order, and 1 of the 3d order may 
be written ^m and read 1 tenth, 1 hundredth, 1 thousandth. 

204; Decimals, however, are usually reduced to, and 
read in terms of, the lowest order ; ^m would generally 
be read 111 thousandths. 

205. For the sake of economy and convenience, it is de- 
sirable to omit the denominators. And this can be done ; 
for by writing the decimal orders to the right of the units' 
place, so that each figure shall stand in the place to the 
right that ^corresponds in number with the order of the deci- 
mal, the general scheme of the integral notation may be 
extended to embrace the decimal orders. 

The decimal denominators, like the integral orders, will 
then be designated by the device of place ; and the place 
values, answering to the relation of the orders of units, will 
increase from right to left, and decrease from left to right, 
in a tenfold ratio. 

206. The Decimal Point is a period placed to the left of 
the tenths' place to determine the decimal orders. 

207. A Decimal is a fraction expressed in the scale of 10. 

1 decimal unit of the Ist order is written .1, or jVt and read 1 tenth. 
3 decimal units of the 1st order is written .3, or ^5, and read 3 tenths. 
6 decimal units of the Ist order is written .6, or ^jf, and read 6 tenths. 

1 decimal unit of the 2d order is written .01, or y^^, and read 1 hun- 

dredth. 
6 decimal units of the 2d order is written .05, or yj^, and read 5 hun- 
dredths. 

2 decimal units of the 1st order ^ is written .26, or ^, and read 25 
6 decimal units of the 2d order i hundredths. 

2 decimal units of the 1st order ^ . .^^ ^^^ 

6 decimal units of the 2d order I '%'^'"«" "2^' <>'• "WV. »nd read 

3 decimal unite of tlie 3d order i 253 thousandths. 
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20ft A fraction expressed in the scale of 10 is a decimal 
whether its denominator be expressed or not. It should not 
be overlooked that decimals with expressed denominators 
are written in the scale of 10, that is, in terms- of its several 
orders of units. 

For 
•25 isy^, which is T^ll, or^^, y^; 
.253 is jUI, which is ^lllf , or ^, ^, ^^ ; 
.00234 is rmsMy which is j^\i\i, or y^, ^j^i, y^nnruT- 

Eead the following in terms of their several orders of 
units: 

Arts, 6 tenths, 7 hundredths, 8 thousandths, 9 ten-thou- 
sandths, 5 hundred-thousandths. 

2. .50. Arts, 5 tenths, hundredths. 

3. 2.75. Ans, 2 (units), 7 tenths, 5 hundredths. 

4. ff^. Ans. 5 (units), 3 tenths, 6 hundredths. 

5. .97. 11. $12,523. 17. |HM- 

6. 375.085. 12. .5000. 18. ^iri*- 

7. 42.973. 13. .05. 19. y^. 

8. 81.001. 14. .0005. 20. y^^. 

9. .2750. 16. .0025. 21. 



10. $5.75. 16. 3000.003. 22. 5.2128. 

209. Omit the denominator and supply the decimal point 
in the following: 

100000 10P000' 

- ^^ Ans. -^, or .053. 



1000 1P00' 

Rule. — Point off as many decimal places from the right of 
the numera^tor as there are zeros in the denominator; if there 
are not so many, supply the deficiency by prefixing zeros. 



100 
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^' lOOl* 



f 



*• unnr 

6. WW- 



7. *fw- 



8. 



TTHf 



10. H*M. 

16- ^nmi- 



11- TTVM 

12- Hm- 

13. TOOOOOO- 

1^' TOOOO* 



210. Supply the denominators of the following : 

1. .025. Ans. .^^^,oij^,M 

Rule. — Omit the dedmcU point and the prejiosed zeros (if 
any), and write for the denominator 1 with as many zeros as 
there are decimal figures (including the prefixed zeros) in the 
numerator. 



2. 


.78948. 


8. 


.00025. 


14. 


29.333. 


3. 


.16179. 


». 


126.673. 


15. 


.067316, 


4. 


.0034. 


10. 


25.340. 


16. 


.00231. 


6. 


.0072. 


11. 


11.931. 


17. 


.00018. 


6. 


.0081. 


12. 


25.006. 


18. 


.23466. 


7. 


.00003. 


13. 


16.034. 


19. 


.00235. 



211. Give the denominators of the following at a glance : 

1. .0035678950. Ans, Ten billion. 

Explanation. — Pointing off the decimal into periods of 3 figures 
each, as in integers, and numerating by periods (units, thousands, 
millions, billions, units of billions), we find the numerator to be imits 
of billions. The denominator must be one order of unit higher, or 
ten-billions. 



2. 


.03. 


6. .0000321. 


10. 


.7600074256. 


3. 


.6. 


7. .0000001. 


11. 


.18924572568. 


4. 


.002. 


8. .23456789. 


12. 


27.892434561000. 


6. 


.0003. 


9. .3157986425. 


13. 


319.176453724568. 
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212. 



Numeration Table. 



Inteoral Orders. 



Decimal Orders. 



1 ii 



1 5 I - 



= ^ c 



I »- I- I »- D 



1^ »= 






9454356423.542678345 

This number is read, 9 billion, 454 million, 356 thousand, 
423, and 542 million, 678 thousand, 345 billionths. 



213. 



To READ Decimals. 



1. Read 8375.0025640. 






Atis. 8 thousand, 375, and 25 thousand, 640 ten-milliont 


Rule. 


— Bead the decimal 


as an 


integer, and add the nc 


oftJie rigJU-hand order. 






Read the following : 






2. 


.5. 


18. 


$3.5. 


3. 


.05. 


19. 


$3.70. 


4. 


.005. 


20. 


$375,643. 


5. 


.25. 


21. 


223.60043. 


6. 


.250. 


22. 


125.000750. 


7. 


.025. 


23. 


3000.003. 


8. 


.185. 


24. 


500.05. 


9. 


.964. 


25. 


5678.00000065. 


10. 


.873. 


26. 


3456.00256832. 


11. 


.0005. 


27. 


2181.00000004. 


12. 


.0450. 


28. 


.00000000456. 


13. 


.0732. 


29. 


3796.273391043. 


14. 


.9657. 


30. 


2133.007351924689. 


15. 


.8954. 


31. 


1317.000065430004. 


16. 


.8000. 


32. 


2751.072642100459. 


17. 


.5700. 


33. 


32500.056734200000. 
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214. To WRITE Decimals. 

I. Write 25 ten-millionths decimally. ^n«. .0000025. 

ExpLAi^ATiON. — Since the denominator is ten-millions, the nu- 
merator must express units of millions ; therefore, setting down the 
decimal point, write millions, 000 thousands, 026 ; or, .0,000,026. 

Note. — There is no higher reason for writing a decimal backward 
than for writing an integer or spelling a word backward. 

Rule. — Set dawn the decimal point and write the numerator 
as an integer, making it eoopress an order of unit one denowr 
ination lower than that to be expressed by the denominator 
{considered as an integer). 

Write decimally : 

1. Five and five tenths. 

2. Twenty-five and twenty-five hundredths. 

3. Seventy-five millionths. 

4. Five thousand and five thousandths. 

5. 200 million and 200 millionths. 

6. 45 million, 32 thousand, 25 hundred-millionths. 

7. 375 billion, 264 million, 126 thousand, 237 billionths. 

8. Fifty thousand, thirty-four ten-millionths. 

9. SeTcn hundred thousandths. 

10. Six hundred fifty-eight thousandths. 

II. Eighty-five ten thousandths. 

12. Forty-three ten-millionths. 

13. Fifty-nine hundred-billionths. 

14. 17 thousand, 45 ten-millionths. 

15. 10 million and 63 billionths. 

16. 40 thousandths. 

17. 60 thousand, 72 hundred-thousandths. 
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18. 43 billionths. 

19. 31 million, 375 thousand, 62 hundred-billiontlis. 

20. 31 million, 375 thousand, 62 hundred-thousandths. 

21. 50 billion, 65 million, 33 thousand, 47 billionths. 

Note. — A zero is annexed to a decimal when placed to the right of 
it ; prefixed when placed to the left of it and after the decimal point. 

215. Annexing a zero to a decimal does not alter its 
value, because it multiplies both numerator and denominator 
by 10 ; as 

.5, or ^ = .50, or f/^ = .500, or 3^. 

23.6. Prefixing a zero to a decimal divides its value by 
10, because it multiplies the denominator by 10 ; as 

•5 = ^;.06 = T^;.005 = T^. 

217. Each removal of the decimal point one place to the 
left divides the number by 10, because it multiplies the 
denominator by 10; as 

12.5 = w; 1-25 = IM; -125 = ^1^. 

218. Each removal of the decimal point one place to the 
right multiplies the number by 10, because it divides the 
denominator by 10 ; as 

.25 = ^^;2.5 = f|;25.=^. 

219. By the removal of the decimal point, find the value of : 

1. 2.5 X 10; by 20. 5. 673.05 ^ 100; by 500. 

2. 1.72 X 100; by 300. 6. 4567.8 ^ 1000; by 2000. 

3. 6.453 X 1000; by 5000. 7. 35.210 x 100 ; by 700. 

4. 897.64 ^10; by 40. 8. 459.67 4-10000. 
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9. .37500 + 100000. ' 13. .5 + 1000. 

10. 53100* + 100. 14. $824,673x1000. 

11. .825x10000. 16. 171.829x1000; by 2000. 

12. .5 + 10. 

220. Keductiok. 

To reduce decimals to higher or lower orders. 

1. Eeduce .125 to millionths. 

Explanation. — A thousandth of a thousandth is 
PBOCBSS. a millionth ; therefore multiply both terms by 1000 ; 

.125 = .125000. or, what is the same thing, annex 3 zeros to the 
numerator. 

2. Reduce .75000 to hundredths. 

«««« — Explanation. — A hundredth is a 1000 times a 

PROCESS. 

7^000 — 7^ hundred-thousandth ; therefore divide both terms 
~~ ' ' of the fraction by 1000 ; or, what is the same thing, 
reject 3 zeros from the right of the decimal. 

Reduce the following : 

3. .15 to thousandths; to ten-thousandths. 

4. 8 to hundredths. Ans, 8.00. 

5. .328 to hundred-thousandths; to ten-millionths. 

6. 25.16 to ten-thousandths ; to thousandths. 

7. .3327 to millionths; to ten-millionths. 

8. 2.713 to billionths ; to millionths. 

9. 8.95 to hundred-thousandths; to thousandths. 

10. 16.750000 to hundredths; to ten-thousandths. 

11. 153.7000 to tenths ; to hundredths. 

12. 13 to thousandths; to millionths. 

* The decimal point is understood and not expressed after an 
Integer. 
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22L To reduce decimals to common fractions. 

1. Reduce .75 to a common fraction. 

PBOCB88. Explanation. — .76 is f^, which, reduced to 

.75, or -j2^ = f . its lowest terms, is f. 

Rule. — Omit (he decimal pointy supply the denomiiiator, 
and reduce the Jrcbction to its lowest terms. 

Reduce the following to common fractions in their lowest 
terms: 



2. 


.26. 




7. .80. 


12. .076. 




3. 


.125. 




8. .48. 


13. .376. 




4. 


.12. 




9. .66. 


14. .896. 




6. 


.32. 




10. .16. 


16. .0076. 




6. 


.032. 




11. .226. 


16. .00126. 




17. .12f 


Process. 


•^2* -100 


^ 26 1 
"100-200 8 


Ans. 


18. .02f 


20. 


•66}. 


22. .62f 


24. .31^. 26. 


.37f 


19. .33^. 


21. 


.87f 


23. .08^. 


25. .16|. ■ 27. 


.66f 



222. To reduce common fractions to decimals. 
1. Reduce J to a decimal. 

PROCESS. 

« Q^^ Explanation. — } is ^ of 3; 8 = 8.0 = 3.00, 

^ = ^ = .75. etc. ; i of 8.00 = .76. 
4 4 

Rule. — Annex zeros to the numerator and divide by the 
denominator. Point off as many decimal plaices in the quo- 
tient OrS there are zeros annexed. 



Reduce to d( 


5cimals : 










2. f 


6. f 


10. 


A- 


14. 


.37f 


3. f 


7- f 


11. 


tSr- 


15. 


.27f. 


4- f 


8. |. 


. 12. 


ii- 


16. 


.87f 


». f. 


9. f 


13. 


.12J. 


17. 


.31i. 
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223. Addition and Subtraction. 



1. Add .75, .869, and 3.97. 



PROCESS. Explanation. — Write the numbers so that units of the 

j5 same order shall stand in the same column. Begin at the 

QAO ^^g^t and add as in integers ; thus 9 thousandths and 

* thousandths = 9 thousandths ; write the 9 thousandths 

under the thousandths' column. 7, 13, 18 ; 18 hundredths 

5.589 = 1 tenth and 8 hundredths ; write the 8 hundredths under 

the hundredths' column, and carry the 1 tenth to the tenths' 

column. 1, 10, 18, 25 ; 25 tenths = 2 (units) and 6 tenths ; write the 

6 tenths under the tenths' column, bring down the decimal point, and 

carry the 2 to the units' column. 2, 6 ; write the 5 units under the 

units' column. Therefore the required sum is 5.589. 

EuLE. — Write the numbers so that the units of the same 
order shall stand in the same column. Begin at the right, and 
add as in integers, placing the decimal point at the left of the 
tenths order in the sum. 

2. Prom 65.47 take 23.238. 
PROCESS. Explanation. — 8 thousandths cannot be taken from 
65.47 thousandths; therefore borrow 1 hundredth from the 7 
23 238 hundredths ; 1 hundredth = 10 thousandths ; 8 thousandths 
from 10 thousandths leaves 2 thousandths ; write the 2 
^^.AoZ thousandths in the thousandths' place. 3 from 6 leaves 
3, and so on as in integers, placing the decimal point at the left of the 
tenths' order in the difiEerence. 

Perform the following indicated operations, and verify : 

3. 314.5 + 25.165 + 3.1895 + 256.18. 

4. 167.89 + 34.7894 + 83.9456 + 217.35. 

5. 189.378 + 825.673 + 27.8956 + 37.0005. 

6. 729.360 + 937.612 + 18.2934 + 29.0025. 

7. 3764.205 + 3672.0025 + 33.999 + 55.555w 

8. 47.0000015 + 10.00055+19.00000075. . 
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9. $7.87|4-«93.62^-|-«23.37f 

10. .535 - .107 ; .5 - .003 ; .05 - .005. 

11. $ 225.75 - $ 136.37^ ; 391.125 - 78.094 

12. 96.478-6.395; 279.36-37.45. 

13. .5786 -.0037; 42.105-6.789. 

14. 189.162 -f- 876.431 + 16.78 -|- .95. 

15. 29.345 + 17.814 - 35.627 + 82.007. 

224. Multiplication and Division. 

I. Multiply 16.25 by .5. 

PROCESS. ExPLAi^ATioN. — Multiply the nu- 

icoe\ -icoK K Q10K merators together for a new nu- 

5i^ Ton" ^ Tn "^ iTvin' ™®^*o^» "^^^^^ 8^^®^ ®126, and the 
—^ ' J-^^ ^^ J^^" denominators together for a new 
^•^^^ denominator, which gives 1000; 

hence the product is UJJ, or 8.125. 

Notice that the product of the denominators is found by annexing, 
or adding the number of zeros in the denominator of the multiplier 
to the zeros in the denominator of the multiplicand ; but the number 
of zeros in the denominator is the number of decimal places in the 
fraction decimally expressed. Hence the numerator of the product 
is obtained by multiplying the numbers together as though they were 
integers, and the denominator may be obtained by pointing off as 
many decimal places in the product as there are decimal places in 
both multiplicand and multiplier. 

Rule. — I. To find the numercUor of the product. 
Multiply the numerators together as though they were integers. 

II. To find the denominator of the product. 

Point off as mxmy decimal places in the product as there are 
decimal places in both factors, prefixing when necessary zeros 
to supply the deficiency. 
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2. Divide 1.26 by .26. 

PBOCBSB. Explanation. — Diyide the 

9KM ^Rf^ numerator of the dividend by 

1 25 ~ W "^ T^ "^ ^* ^' ^' ^® nvimerator of the divisor 

-^ — for a new numerator, which 

gives 6 ; and the denominator 
of the dividend by the denominator of the divisor, which gives 1 ; hence 
the quotient is {^ or 6. 

Notice that the quotient of the denominators is found by rejecting 
or subtracting the number of zeros in the denominator of the divisor 
from the zeros in the denominator of the dividend ; but the number 
of zeros in the denominator is the number of decimal places in the 
fraction decimally expressed. Hence the numerator of the quotient 
is obtained by dividing the numerator of the dividend by the numerator 
of the divisor, and the denominator may be obtained by pointing off as 
many decimal places in the quotient as the decimal places in the divi- 
dend exceed those in the divisor. 

Note. — If the decimal places, or zeros, in the denominator of the 
dividend be fewer than those in the divisor, make them at least equal 
by annexing zeros, or reducing the dividend to lower terms. 

3. Divide .126 by 2.6. 

PROCESS. Explanation. — There are 3 decimal places in the 

2.6V126C05 dividend, and 1 in the divisor ; consequently there 

.126 ^^^ ^ 3 — 1 = 2 decimal places in the quotient. 

Divided as integers the quotient is 6, or only 1 

figure ; prefix a zero to supply the deficiency. 

4. Divide 12.6 by .26. 

PROCESS. 

9^M 9 fifitnCi Explanation. — Annex a zero to the dividend and 
125 ^^^^*®' '^^^ ^^ be 2 -2 = decimal places in 
the quotient ; that is, the quotient will be an integer. 

Rule. — I. To find the numerator of the qvxMefnt, 
Divide the numerator of the dividend by the nuTnertUor of the 
divisor. 
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II. To find the denominator of the quotient. 
Point off as many decimal places in the quotient as the deci- 
mal places in the dividend exceed those in the divisor; when 
necessary, prefix zeros to supply the deficiency. 

Perform the indicated operations and verify : 

5. 625 X. 25. 12. 5.0825 -f- 1.07. 19. 35.643 -*- .001. 

6. 336 X .125. 13. 196.5 x 3.7. 20. 1361.25 -s- 3.3. 

7. 25.65-5-5.7. 14. 18.75 x .63. 21. 16.65^3.7. 

8. 35.91 H- .285. 15. 734.5x25. 22. 1432.25^425. 

9. 834 -*- .47. 16. 93.72 x 18.75. 23. 5.169 -^ 1723. 

10. .1344^29. 17. 44.16 X. 001. 24. 817.75 -f-12f 

11. 23.36-5-16. 18. 33.54^.01. 25. 6542 x 12f 

225. Examples for Revie^v. 

1. A farmer sells 7 pigs at $1.25 each. What does he 

receive for them ? 

2. A man owing his tailor $ 87.37, hands him a $ 100 bill. 

How much change is due him ? 

3. What would be the cost of 125 pounds of tea, at 87 

cents a pound ? 

4. How many pounds of tea, at 75 cents a pound, can be 

bought for $ 11.25 ? 

5. What will 14.5 yards of linen cost at $ .655 per yard ? 

6. A man had $ 100 on the first of the month, and $ 13.87 

at the end of the month. What amount did he spend 
that month ? 

7. How much must be added to $ 75.768 to make $ 100 ? 

8. A owes the following sums : $ 25.13, $ 17.863, $ 23.105, 

$ 6.96, $ 37.785. What amount must he draw out of 
the bank in order to settle his bills ? 
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9. If $ .06 be divided among 12 boys, what will each boy 
receive ? 

10. Two men start from the same point; one travels 52.39 

miles north, and the other 39.52 miles south. How far 
apart are they ? 

11. What decimal fraction is equal to |^? 

12. What common fraction is equivalent to .0375 ? 

13. The product of two numbers is 2.26, and one of the 

numbers is .25. What is the other ? 

14. A man's income is $ 2500 a year ; he spends f 187.50 

a month. How much does he lay by ? 

15. At $ 1.25 a foot, what would it cost to have a well dug 

87.5 feet deep ? 

16. At $1.12^ a day, how many days will it take to earn 

«28.12|? 

17. A man sold a piece of property for $3175.25, which 

was $ 215.87 more than it cost him. What yras the 
cost of the property ? 

18. A farmer had a horse worth $ 135.50, which he ex- 

changed for a pair of mules worth $ 75.15 each, pay- 
ing the difference in money. How much money did 
he pay ? 

19. What will 25.6 pounds of coffee cost, at $ .185 a pound ? 

20. A merchant sold 5 pieces of cloth ; the first contained 

90.000005 yards; the second, 127.004 yards; the 
third, 58.0025 yards ; the fourth, 64.289 yards ; the 
fifth, 42.006 yards. How many yards, in all, did he 
sell? 

21. What is the difference between 8 hundredths and 8 

thousandths ? 
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22. A drover bought 25 mules, at $ 62.87^ each, and sold 

them at $ 70 each. How much did he gain ? 

23. What will 14.6 bushels of potatoes cost,- at $ .625 a 

bushel ? 

24. At $12.78 each, how many cows can be bought for 

$242.82? 

25. A travelled 522.35 miles in 15.5 days. What distance 

did he average per day ? 

26. $ 54.375 + $ 243.405 4- $ 324.095 4- $ 47.75 + $ 83.005 

+ $ 99.099 - $ 62.008 -h $ 53.025 -f $ 107.777 + 
$ 96.425 + f 85.038 = ? 

27. If sugar is worth $ 7.25 a barrel, how many barrels 

can be bought for f 112.375 ? 

28. How many sacks would be required to hold 102.66 

bushels of wheat, each sack holding 3.54 bushels ? 

29. If 37.6 acres of land yield 1097.544 bushels of wheat, 

what is the average yield per acre ? 

30. A mechanic earns $ 20 a week, and his expenses amount 

to $ 17.25 a week. How much will he save in a year, 
or 52 weeks ? 

31. A man exchanged three town lots, valued respectively 

at $800.90, $535.75, $1025.48, for a farm worth 
$ 2500, paying the difference in money. How much 
did he pay ? 

32. Mr. Sams deposits in a bank at different times the fol- 

lowing sums: $74.15, $127.94, $19,475, $215.13, 
$ 103.875, and draws out at different times, $ 75.65, 
$ 150.73, $ 12.25, $ 68.91. What is his bank balance ? 

33. A man sold 147.5 acres of land, at $ 5.75 an acre, and 

invested the money in petroleum at 27^ cents a gal- 
lon. How much petroleum did he buy ? 
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34. What number added to the sum of .25 + .1 + .125 + 

.40 will equal 1 ? 

35. A merchant bought 8 bales of sheeting, each containing 

20 pieces, and each piece 47 yards ; the whole cost 
him $ 1128. What did it cost him per yard ? 

36. A grain dealer owning 58500 bushels of wheat, sold \ of 

it at $ .375 per bushel, and the remainder at $ .823 
per bushel. What did he receive for his wheat ? 

37. A farmer sold 1263 pounds of pork, at 5 cents a pound, 

and took in payment flour, at $ 4.21 a barrel. How 
much flour did he get ? 

38. A man sold .15 of an estate to one person, .19 to an- 

other, .3 to another, and .255 to another. What part 
of the estate remained unsold ? 

39. A man travelled 420.75 miles in 6 days ; on each of the 

first 5 days he went an equal distance ; on the sixth 
day he went 93.25 miles. How far did he go each 
day? 
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CHAPTER IX. 

EATIO AND PROPORTION. 

Ratio is the measure of the relation which one quan- 
tity or number bears to another of the same kind. Whence 
every number, integral or fractional, expresses a ratio. An 
integer expresses the ratio of the number to 1, as 5 is 5 
times 1, or 5 ones, which may be written -^ ; and a fraction 
expresses the ratio of the numerator to the denominator; 
f expresses the relation of 3 to 4. 

227. The ratio of one number to another is found by 
dividing the number compared by the number with which 
it is compared. 



Ratio is sometimes expressed by writing the numer- 
ator to the left and the denominator to the right of a colon ; 
f may be written 3 : 4. When thus separated by a colon, 
the numerator is called the antecedent and the denominator 
the consequent. 

229. An Equation is the expression of equality between 
two quantities ; as 5 x 3 = 15. 

The quantity to the left of the sign of equality is called 
the First Member, and that to the right the Second Member 
of the equation. 

230. A Proportion is a special form of the equation. It 
expresses the equality of two ratios ; as f = f . Every equar 
tion may be expressed in the form of a proportion, and every 
proportion in the general form of the equation. 
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231. If two* ratios are equal, their reciprocals are also 
equal ; | = |, | = |. Whence the inversion of a proportion 
does not destroy its proportionality. 

232. The proportion | = | is also written 3:4 = 6:8, 
or 3 : 4 : : 6 : 8. It may be read 3 is to 4 as 6 is to 8 ; or as 
3 is to 4, so 6 is to 8 ; or 3 is that part of 4 that 6 is of 8 ; 
or, by inversion, 4 is that part of 3 that 8 is of 6. 

The 1st and 4th terms of a proportion are called the 
Extremes ; the 2d and 3d, the Means. 

233. There are four readings, or interpretations, of the 
proportion 3 : 4 : : 6 : 8, which give rise to as many equivalent 
expressions : 

1st, 3 is that part of 4 that 6 is of 8, viz., f ; or 3 = f of 
6 x4 
8 

2d, 4 is that part of 3 that 8 is of 6, viz., f ; or 4 = f of 
« 8x3 

3d, 6 is that part of 8 that 3 is of 4, viz., |; or 6 = f of 
o 3x8 

4th, 8 is that part of 6 that 4 is of 3, viz., | ; or 8 = ^ of 
4x6 



4 = : 



6 = 



234. In 1st example, 3 is the quotient of 6 x 4 divided 
by 8 ; but the quotient multiplied by the divisor equals the 
product. Hence, 3x8 = 6x4. 8 and 3 are extremes ; 6 
and 4 are means. Each of the examples yields the same 
equation. 

Whence the following principles : 

The product of the extremes eqiwls the product of the means. 

Either extreme is equal to the prodivct of the means divided 
by the other extreme. 
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Either mean is equal to the product of the extremes divided 
by the other mean. 

235. Or more generally : Let the proportion 3 : 4 : : 6 : 8 

be expressed in its original form J = f , and be reduced to 

equivalent fractions having a common denominator; as 

3x8 4x6 

— f^— = —7^;^ — Since these fractional ratios are equal and 
48 48 % ^ 

liave a common denominator, their numerators (3x8 and 

4x6) are equal ; but the numerator of the 1st ratio is the 

product of the extremes, and the numerator of the 2d ratio 

is the product of the means. 

Whence again : 

The product of the extremes equals the product of the means. 

Either extreme is equal to the product of the means divided 
by the other extreme. 

Either mean is equal to the product of the extremes divided 
by the other rfiean. 

236. The proportion 3 : 4 : : 6 : 8 may therefore be ex- 
pressed in the following forms of the equation : 

Qxxft As.a 4x6 ^ 4x6 o 3x8 ^.3x8 . 
3x8 = 4x6; —^ = 3; —^ = 8; — ^- = 6; —^ = 4. 

237. Examples for Practice. 

1. What is the ratio of 1 to 5? Ans. \. 

2. What is the ratio of 5 to 1 ? Ans. f . 

3. What is the ratio of 3 to 5 ? 

Solution. — Since 1 is | of 5, 3 is 3 times | of 6, or |. 

4. What part of 3 is 2? 

5. What part of 8 is 7 ? 

6. What part of 12 is 9 ? 

7. What part of $60 is $20? 
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8. What part of 72 pounds is 60 pounds ? 

9. What part of 81 horses is 63 horses ? 

10. What part of 5 is I ? 

Solution. — 1 is | of 6, and f of 1 is | of | of 5 = ^. 

11. What is the ratio of I to 9 ? 

12. What is the ratio of I to 15 ? 
18. What is the ratio of f to 18 ? 

14. What part of I is I? 

Solution. — | = i^; i = iV; A is of ^^ as 8 is of 9, 
or|, or| = f. 

15. What is the ratio of f to ^ ? 

16. What part of 1^ is f? 

17. What is the ratio of f to ^ ? 

238. Interpret and write each of the following as a frac- 
tional proportion : 

1. 4: 12:: 15: 45. Aiis, ^ (|) of 45=15; ^ of 

15^=45; etc. 



2. 5:15::8:24. 6. 12:18 

3. 3: 5:: 18: 30. 7. 27:3: 

4. 7: 21:: 21: 63. 8. 63:72 
6. 9: 36:: 15: 60. 



: 32 : 48. 
9:1. 
: 14 : 16. 



239. Write each of the above as an equation ; as 

4 : 12 : : 15 : 45 = 4 X 45 = 12 X 15. 

240. Supply the omitted term, which is represented by x, 
in eaeh of the following proportions : 
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1. 16:12::72:x. 

Solution. — x is that part of 72 that 12 is of 16, viz., |}. Whence 
a;=|f of 72 = 54; or, since the product of the extremes equals the 

product of the means, 16a; = 12 x 72 ; x = ^^ ^ ^^ = 54. 

16 

2. 18:27::60:aj. 9. 54 : a? : : 48 : 24. 

3. 32:64::ic:90. 10. 17 : 51 :: a: 72. 

4. 25:35::165:ic. 11. 69 : 23: :81:aj. 

5. 10: 16:: 30: a. 12. f : | : : 24 : OJ. 

6. 9: 25:: 72: a;. 13. |:|::10:aj. 

7. 45:9::a;:25. 14. 12| : 37^ : : a; : 36. 

8. 48 :a?:: 7:8. 15. a; : 33^ : : 16 : 32. 

241. Every solution of a problem requiring the comparison 
of numbers involves a proportion, whether the proportion 
is formally stated or not. Notice the implicit proportion in 
the solution of these simple examples: 

1. If 1 yard of cloth cost 6 cents, what will 5 yards 

cost? 

Solution. — If 1 yard cost 6 cents, 6 yards (which is 6 times 1 yard) 
will cost 5 times 6 cents = 30 cents ; which is to say, as 6 yards is to 
1 yard, so the price of 6 yards is to 6 cents (the price of 1 yard) ; or, 
formally stated, 

6 yards : 1 yard : : x cents : 6 cents. 

2. If 5 yards of cloth cost 30 cents, what will 1 yard 

cost? 

Solution. — K 6 yards cost 30 cents, 1 yard (which is J of 6 yards) 
will cost I of 30 cents = 6 cents ; which is to say, as 1 yard is to 6 
yards, so the price of 1 yard (x cents) is to the price of 6 yards (30 
cents) ; or, formally stated, 

1 yard ; 6 yards : : x cents : iiO cents. 
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242. Primary Proportion, or Analysis. 

1. If 3 yards of cloth cost 18 cents, what will 5 yards 
cost? 

Explanation. — This problem may be resolved into two 
problems, not distinct and separable, but interdependent ; as, 

(a) If 3 yards of cloth cost 18 cents, what will 1 yard cost ? 

(b) If 1 yard cost x (6 cents), what will 5 yards cost ? 

SoLCTioN. — (a) If 3 yards cost 18 cents, 1 yard will f - . ^_ 

cost J of 18 cents = 6 cents. I 

^b) If 1 yard cost 6 cents, 6 yards will ( gd sten 

cost 6 times 6 cents = 30 cents. I 
Or, formally stated, 

(a) 3 yards : 1 yard : : 18 cents : Ans. (= 6). 

(6) 1 yard : 5 yards : : 6 cents : 2d Atis. (=30 cents). 

In this solution the numbers 5 and 3 are compared through 
their relation to the unit 1, the relation being made eoDplicU. 
For this reason the problem resolves, analyzes, itself into 
two problems, and the method of solution is therefore com- 
monly known as analysis.* 

243. Simple Proportion. 

1. If 3 yards of cloth cost 18 cents, what will 5 yards cost ? 

Solution. — Since 6 yards are f of 3 yards, they will cost f as 
much, or f of 18 cents = 30 cents. Or, formally stated, 
3 yards : 5 yards : : 18 cents : x cents. 
X = f of 18 = 30. 
Or, multiplying the extremes together, 

3a; = 90. 
a; = 30. 

* This is obviously the origin of the use of this term and com- 
pletely answers the objection urged by some that since the first step 
of the process is analytical and the second synthetic, the method 
should be known as analytico-synthetical. 
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In this solution the numbers 5 and 3 are compared directly 
with each other, their relation to the unit 1 being only 
implicitly recognized (as in the comparison of a multiple to 
its factor, 8 to 4 or 6 to 3). This method is known as 
simple proportion or sometimes (when expressed in the 
fractional form) as fractional proportion. 

244. Formal Proportion. 

1. If 3 yards of cloth cost 18 cents, what will 5 yards 

cost ? 
From the above it will be seen that if the steps in the 
analytical process be formalized, they will be expressed thus : 
3 yards : 1 yard : : 18 cents : Ans. (=6 cents) ; 
1 yard : 5 yards : : 6 cents : 2d Ans. (=30 cents) ; 
while the process of the simple proportion formalized gives 
3 yards : 5 yards : : 18 cents : x cents. 

Solution. — Interpreting the last expression, we have, x cents is 
that part of 18 cents that 6 yards is of 3 yards, viz., J ; that is, x cents 
= I of 18 cents = 30 cents, v^hich is its original fractional form. 

To THE Tbachbr. — When the pupil has reached Compound Propor- 
tion, it will be well to have him return to this article, that he may see 
that the formal expression of the simple proportion may be derived 
from the above set of primary proportions by multiplying the corre- 
sponding terms together, just as the compound proportion is reduced 
to the form of a simple proportion ; in other words, that there is no 
principle in compound proportion that is not implicitly involved in 
simple proportion. 

It is to be hoped that the teacher will see to it that these several 
methods of solution are presented in the order of their evolution and 
therefore in the order in which the child-mind naturally unfolds. Too 
great attention cannot well be bestowed upon this subject ; for propor- 
tion in one form or another is the instrument of all mathematical in- 
vestigation. Proportion bears the same relation to arithmetic that its 
more general form, the equation, sustains to algebra. It is, therefore, 
a gross misapprehension of the function of proportioQ to co-ordinate 
it with the several subordinate subjects of arithmetic ; as interest, 
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discounts, commission, etc. The examples that follow are many and 
varied. Let the class solve them first by the primary, or analytical, 
method, then in review by the fractional method, and finally by the 
formal method. Analysis is the child method ; proportion proper the 
adult method. It is the highest end of the school to develop manhood, 
which can be accomplished only by a graduated advance in the methods 
used to elicit the child's activities. 

245. Some of the following problems require several steps 
in their solution, not all of which involve the compajison of 
numbers. That is, one or more of th^ steps are accomplished 
by addition or subtraction. On this account, this class of 
problems is usually excluded from proportion. This, it 
seems to us, is a mistake ; for, if only one of many steps in 
the solution of a problem involves comparison, the example 
properly belongs under proportion. Let an example illus- 
trate : 

If A can do a piece of work in 5 days, and B can do the 
same work in 6 days, how long will it take A and B, working 
together, to do the work ? 

Solution. — 1st step. To find what part of the work A can do in 
1 day: 

If A can do the work in 5 days, in 1 day (which is | of 5 days) he 
can do ^ of the work (proportion). 

2d step. To find what part of the work B can do in 1 day : 
If B can do the work in 6 days, in 1 day (which is } of 6 days) he 
can do J of the work (proportion). 

3d step. To find what part of the work both A and B can do in 1 
day: 

If A does i of the work in 1 day, and B does ^ of the work in 
1 day, both, working together, can do | + J or JJ of the work in 1 day 
(addition). 

4th step. To find how many days it will take both to do the 
whole work : 

If it takes both 1 day to do ^ of the work, to do fj of the work 
(which is ^ of J J) it will take ff days = ^ days, or JJ work: 
i% work : : 1 da. : X da. (= 2^ da.) (proportion). 
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246. Examples. 

1. K 4 yaxds of cloth cost 60 cents, what will 30 yards of 

the same cloth cost ? 

2. If 27 yards of cloth cost 81 dollars, how many yards 

of the same cloth can be bought for $ 45 ? 

3. The rent of 50 acres of land is $ 500. How many acres, 

at the same rate, can be rented for $ 100 ? 

4. How long will a person be in saving $ 1000, if he lay 

by 50 cents a week ? 

5. If an income of $ 5000 is taxed $ 100, what should an 

income of $ 8000 be taxed ? 

6. Find the value of 3 ton 5 cwt. 3 qr. of hay at $ 1.26 

a cwt. 

7. If 20 sheep cost $ 60, what will 40 sheep cost? 

8. If a man travels 210 miles in 7 days, how far will he 

travel in 5 days ? 

9. If 6 barrels of flour cost $ 24, what will 9 barrels cost ? 

10. If 5 cows cost $ 75, how much will 12 cows cost ? 

11. If the wool from 15 sheep brings 9 75, what will the 

wool from 45 sheep bring ? 

12. If a man earn $1600 a year, what does he earn in 

9 months ? 

18. A man travels 25 miles in 5 hours. How far does he 
travel in 8 hours ? 

14. If 16 barrels of apples cost $72, what will 30 barrels 

cost? 

15. If 8 pounds of butter cost $1.20, how much will 16 

pounds cost ? 
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16. At 5 cents a pound, what will a bale of cotton weighing 

600 pounds bring ? 

17. If 9 barrels of flour cost $ 32, what will 28 barrels cost ? 

18. If 12 horses eat 20 bushels of oats in a week, how many 

bushels will 45 horses eat in the same time ? 

19. If 63 gallons of wine cost 9 98.50, what will 45 gallons 

cost at the same rate ? 

20. If a barrel of flour support 12 men 25 days, how long 

will it support 8 men ? 

21. If 3 yards of cloth cost $ 12, what will 7 yards cost ? 

22. If 5 pounds of rice cost 15 cents, what will 16 pounds 

cost? 

23. If a staff 9 ft. high cast a shadow 4 ft. long, what will 

be the length of the shadow cast by a post 27 feet 
high? 

24. If 5 yards of calico cost 25 cents, what will 17 yards 

cost? 

25. If 3 men can dig a trench in 12 days, how long would 

9 men take to dig it ? 

26. If 8 yards of silk cost $ 24, how many yards can be 

bought for $42? 

27. Ten days' work, at 60 cents a day, will pay for how 

many pair of shoes, at $ 2 a pair ? 

28. If f of a man's income is $ 5985.80, what is his entire 

income ? 

29. A piece of land of a certain length, and 25 rods in 

width, contains 2^ acres. How much would there be 
in a piece of the same length 53^ rods wide ? 

30. If 40 yards of carpeting, |^ of a yard wide, be required 

to cover a floor, how many yards would be required 
if the carpeting were 1 yard wide ? 
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31. If 5^ shares in a street railroad are worth $412.50, 

what will 6| shares be worth ? 

32. If J of a bushel of wheat cost 46 cents, what is the cost 

of J bushel ? 

33. If 2^ acres of land cost $ 63, what will 22^ acres cost ? 

34. If 25 pounds of tobacco cost $ 7.50, how much will 185 

pounds cost ? 

35. If 9 men reap a field of oats in 20 days, how many men 

would be required to reap it in 30 days ? 

36. If a pole 8 ft. high cast a shadow 12 ft. long, what will 

be the length of the shadow cast by a tree 80 ft. 
high? 

37 . If 3 men can do a piece of work in 8 days, how long 

will it take 4 men to do it ? 

38. If 15 men can do a piece of work in 4 days, how long 

will it take 5 men to do it ? 

39. If 3 men can do a piece of work in 9 days, how long 

will it take 15 men to do it ? 

40. What would provision 5 men for 40 days, would subsist 

how many men for 8 days ? 

41. A job that would employ 12 men 6 days, would take 

9 men how many days ? 

42. If 2 pounds of steak cost 25 cents, how many pounds 

may be bought for 37^ cents ? 

43. A quantity of flour that will last 16 men 25 days, will 

last 80 men how many days ? 

44. If from my age you take ^ and \ of my age, the remain- 

der will be 10 years. How old am I ? 

46. What number is that to which if its half be added the 
sum will be 45 ? 
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46. If a ferry-boat cross a river 18 times in 5 hours, in 

how many hours will it cross 4 times ? 

47. What will 269 yards of cloth amount to, at the rate of 

$ 100 for 30 yards ? 

48. If a post 5 ft. high cast a shadow 3 ft., what is the 

height of a steeple which at the same time casts a 
shadow 176 ft ? 

49. At the rate of $ 182.50 for 8 acres of land, what is the 

value of 12.7 acres ? 

50. In how many minutes will a locomotive run 49.9 miles, 

if it runs 2.5 miles in 5.75 minutes ? 

51. If I of a ship cost $ 15000, what does | of it cost ? 

52. If 9 yards of cloth, f of a yard wide, will make a dress, 

how ihany yards f wide will make the same dress ? 

58. A company of men can do a piece of work in 155 days 
by working 12 hours a day. In what time will they 
do the work if they work only 5 hours a day ? 

54. If 110 yards of paper, 32 inches wide, will cover the 

walls of a room, how many yards 24 inches wide will 
cover the same walls ? 

55. If the hind wheels of a coach, which are 180 inches in 

circumference, will turn round 4825 times in running a 
certain distance, how many times will the front wheels 
revolve, they being 145 inches in circumference ? 

56. A rides 6^ miles an hour, and accomplishes a certain 

journey in 14^ days. In what time wUl B, who 
rides only 4^ miles an hour, perform the same 
journey ? 

57. A owned ^ of a ship, which he sold for $ 3650 ; and B 

owns ^ of it, which he wishes to sell at the same 
rate. What must be B's price ? 
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68. A garrison of 900 men have provisions for 4 months. 
How many men must leave the garrison, that the 
provisions may last the remainder 9 months ? 

59. After a tract of land had been equally divided among 

16 owners, one of them sold f of his share at $ 5 an 
acre, and received $444. How much land was in 
the whole tract ? 

60. A and B hired a pasture for $ 49.50, in which A past- 

ured 13 cows, and B 19. What must each pay ? 

61. If 3 horses cost as much as 4 mules, how many mules 

must be exchanged for 18 horses ? 

62. A guardian paid one of his wards $ 3500 for $ 2500, 

which he had in his use 8 years. At the same rate, 
what should he pay another for the use of $ 3500 
for the same length of time ? 

63. If 13| yards of cloth cost $ 6.48, what would 8| yards 

cost at the same rate ? 

64. If by travelling 13f hours a day, a man can finish his 

journey in 35^ days, how long will it take him if he 
travel 11^ hours a day ? 

66. An engine of 40-horse power draws a train of cars at 
the rate of 32 miles an hour. At what rate would it 
be drawn by an engine of 35-horse power ? 

66. A coach wheel, 8 feet 3 inches in circumference, revolves 

3496 times in performing a certain journey. What 
would be the circumference of a wheel which made 
3762 revolutions in the same distance ? 

67. How many dozen handkerchiefs, at 50 cents apiece, 

should be given for 36 pair of shoes, at $2.50 a 
pair? 

68. If 22^ acres of l^nd cost $ 667, how many acres can 

be bought for $ 63 ? 
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67. A owned ^ of a ship, which he sold for $ 3660 ; and B 
owns ^ of it, which he wishes to sell at the same 
rate. What must be B's price ? 



RATIO AND PROPORTION. 126 
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provisions may last the remainder 9 months ? 
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the whole tract ? 
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which he had in his use 8 years. At the same rate, 
what should he pay another for the use of $ 3500 
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90. If 60 men can do a piece of work in 8 days, how many 

men can do tlie same work in 20 days ? 

91. If 10 cows eat 16 tons of hay, how many cows will 112 

tons supply for the same length of time ? 

92. If a man owning f of a farm sells f of his share for 

$680, what is the whole farm worth at the same 
rate? 

' 93. A and B can do a piece of work in 5 days ; A alone can 
do it in 7 days. In what time can B do the work ? 

94. After A has travelled 51 miles, B sets out to overtake 

him, and travels 19 miles while A travels 16. How 
many miles will each have travelled before B over- 
takes A ? 

95. A person having spent in one year all of his income 

and \ as much more, found that by saving ^ of his 
income afterwards, he could, in 4 years, make good 
the deficiency and have $20 left. What was his 
income ? 

96. The hour and minute hands of a watch are together 

at 12 o'clock. When are they next together ? 

97. If the time past noon is equal to f of the time to 

midnight, what o'clock is it? 

98. A having asked B's age, B replied: "Your age is 12 

years, to which if f of both our ages be added to 
your age, the sum will equal my age." What was 
B'sage? 

99. A and B together consume a certain quantity of food 

in 15 days. It will last A alone 27 days. How long 
will it last B? 

100. A can do a piece of work in 10 days, and B in 13 
days. In what time will both working together do 
it? 
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101. A cistern, containing 60 gallons of water, has three 

unequal faucets for discharging it. The greatest will 
discharge it in 1 hour ; the second, in 2 hours ; the 
third, in 3 hours. In what time will the cistern be 
emptied if all three run at the same time ? 

102. A man bought some lemons at 2 cents each, and f as 

many at 3 cents each. He sold them all at the rate 
of 5 cents for 2, thus gaining 25 cents. How many 
lemons did he buy ? 

103. A farmer sold some cows and calves for $ 240. The 

calves he sold at $ 8, and the cows at $ 16 apiece. 
There were 3 times as many calves as cows. What 
was the number of each ? 

104. A man, having $ 100, spent a pai*t of it, and afterward 

received 5 times as much as he had spent, when he 
found his money was double what it was at first. 
How much did he spend ? 

105. A hare has 50 leaps the start of a greyhound and 

takes 4 leaps while the hound takes 3 ; but 2 of the 
hound's leaps equal 3 of the hare's. How many 
leaps must the hound take to overtake the hare ? 

106. A has 100 yards the start of B ; but B runs 14 yards 

while A runs 10. How far must B run to overtake A ? 

107. A man was hired for a term of 50 days, on condition 

that for every day he worked he should receive 75 
cents, and for every day he was idle he should pay 
25 cents for his board. At the expiration of the* 
time he was paid $ 27.50. How many days was he 
idle? 

108. A man when married was 3 times as old as his wife. 

15 years afterward he was but twice as old as his 
wife. At what age was each married ? 
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CHAPTER X. 
COMPOUND PROPORTION. 

247. A Compound Ratio is the (indicated) product of two 
or more simple ratios ; or, since a ratio is a fraction, a com- 
pound ratio is a compound fraction. 

248. A Compound Proportion is a proportion, one or both 
of whose numbers are compound ratios. 

249. If the corresponding terms of two or more simple 
proportions be multiplied together, the result will be a pro- 
portion ; for the products of equal are equals ; as, 

(1) 3: 4:: 6: 8 . f = f 

(2) 2: 4:: 5:10' ^l_±^j^___ 
6:16::30:80 ixf = fXT^ 

250. When the multiplication of two or more proportions 
together is performed, the resulting products form a simple 
proportion. J of | = ^ of ^^ is a compound proportion ; 
-j?^ = ^ is a simple proportion. It is therefore incorrect to 
define a compound proportion as the product of two or more 
simple proportions. 

In the practical solution of problems, the proportion gen- 
erally occurs in this form : 

f of I = 1^; or, ^ ; ^1 : : 30 : 80, which is brought to a 

simple proportion by reducing the first number to a simple 
ratio ; 6 : 16 : : 30 : 80. 
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251. Problems in compound proportion may be solved 
by any one of three methods : viz., by primary proportion, 
or analysis; by simple proportion; or by compound pro- 
portion; and the process of each may be formalized or not. 

252. 1. If 3 horses eat 45 bundles of oats in 3 days, how 
many bundles of oats will supply 5 horses 2 days ? 

For convenience, express the problem in this abbreviated 
form: 

If 3 horses in 3 days eat 45 bundles, 
5 horses in 2 days will eat (?) bundles. 

An ultimate analysis resolves this problem into four prob- 
lems in primary proportion. They are : 

a. If 3 horses in 3 days eat 45 bundles, 

1 horse in 3 days will eat (?) bundles (=15 bundles). 

b. If 1 horse in 3 days eat 15 bundles, 

5 horses in 3 days will eat (?) bundles (=75 bundles). 

c. If 5 horses in 3 days eat 75 bundles, 

5 horses in 1 day will eat (?) bundles (= 25 bundles). 

d. If 5 horses in 1 day eat 25 bundles, 

5 horses in 2 days will eat (?) bundles (= 50 bundles). 

Solution. — By primary proportion, or analysis. 

a. If 3 horses in 3 days eat 45 bundles, 

1 horse in 3 days will eat ^ of 45 bundles = 15 bundles. 

b. If 1 horse in 3 days eats 15 bundles, 

5 horses in 3 days will eat 5 x 15 bundles = 75 bundles. 

c. If 5 horses in 3 days eat 75 bundles, 

5 horses in 1 day will eat ^ of 75 bundles = 25 bundles. 
d If 5 horses in 1 day eat 25 bundles, 

5 horses in 2 days will eat 2 x 25 bundles = 50 bundles. 
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Or, formally stated : 

3 horses : 1 horse :: 45 bundles : -4n«. (=15 bundles). 

1 horse : 5 horses : : 15 bundles : 2d Ans, (=75 bundles). 
3 days : 1 day : : 75 bundles : 3d Ans, (= 25 bundles). 
1 day : 2 days : : 25 bundles : 4th Ans, (=50 bundles). 

Notice that there are four analytical steps, or primary 
proportions, in the above solution, and that the result reached 
in each step is a proximate answer, and always of the same 
denomination as the final answer. 

253. By comparing the numbers of the same denomination 
directly with each other and not explicitly through their rela- 
tion to the unit 1, the four problems will be reduced to two 
and solved as two interdependent simple proportions. 
If 3 horses in 3 days eat 45 bundles (oats), 
5 horses in 2 days will eat (?) bundles. 
A proximate analysis resolves this problem into two prob- 
lems in simple proportion. They are : 
a. If 3 horses in 3 days eat 45 bundles, 

5 horses in 3 days will eat (?) bundles (= 75 bundles). 
h. If 5 horses in 3 days eat 75 bundles, 

5 horses in 2 days will eat (?) bundles (=50 bundles). 

Solution. — a. If 3 horses in 3 days eat 45 bundles, 5 
horses (which are ^ of 3 horses) in the same time 3 days 
will eat I as many bundles, or | of 45 bundles = 75 bundles. 

h. If 5 horses in 3 days eat 75 bundles, 5 horses in 2 
days (which is f as long) will eat f as many bundles, or | 
of 75 bundles = 50 bundles. 

Or in better form : 
a. If 3 horses in 3 days eat 45 bundles, 

5 horses in 3 days will eat f of 45 bundles = 75 bundles. 
h. If 3 horses in 3 days eat 75 bundles, 

5 horses in 2 days will eat | of 75 bundles = 50 bundles. 
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As f onnally stated : 

3 horses : 5 horses : : 46 bundles : Ans. (= 75 bundles). 
3 days : 2 days : : 76 bundles : 2d Ans, (= 60 bundles). 

254. The problem may be solved as one problem. 

1. If 3 horses in 3 days eat 46 bundles oats, 
5 horses in 2 days will eat (?) 

Solution. — f as many horses in | as long a time will 
eat f of f of 46 bundles = 60 bundles. This is a real com- 
pound proportion, which may readily be reduced to a simple 
proportion by reducing the compound ratio, or fraction, ^ of 
I, to the simple ratio ^. The proportion then becomes ^ 
of 46 bundles = a? bundles, or 9 : 10 : : 46 : a?. 

256. The formal expression for the compound proportion 
is more easily derived from the formal solution by simple 
proportion. Thus, 

3 horses : 6 horses : : 46 bundles : Ans, (JT^ bundles). 

3 days : 2 days . . jT^ bundles : 2d Ans, 

K we should multiply the terms together, 76 in the 
numerator of the ratio would be cancelled by 76 in the 
denominator. Whence the proportion would become 

3 horses : 5 horses ) . ^k . « 
3 days : 2 days ) ' ' 

9 : 10 : : 46 : a? 

Which, reduced, gives 



9aj = 460. 
a? = 60. 



*Thi8 form may be derived directly from the compound fractional 
fonn. Thus, 

[,ofJof46 = «] = [|^of45 = x] = ^;3^:45:x] 
= [9 : 10 : : 46 : 0!]. 
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Rule for the formcU statement and reduction of the compound 
proportion : 

I. Make the number that is of the same denominatioit as 
the answer the third term. 

II. Make each two of the other numbers that are of the 
same denomination a factor of the compound ratio, arranging 
the terms as in simple proportion. 

III. Medu^ce the compound proportion to a simple propor- 
tion by multiplying the corresponding term^ of the first m,ember 
together. 

IV. Solve as in simple proportion. 

256. It is sometimes convenient to reduce a problem in com- 
pound proportion to one in simple proportion, at the outset. 
By reasoning that 9 horses will eat in 1 day what 3 horses 
eat in 3 days, and 10 horses will eat in 1 day what 5 horses 
eat in 2 days, problem (1) becomes : 

If 9 horses eat 45 bundles of oats in 1 day, how many 
bundles will 10 horses eat in the same time, which gives 

J^ of 45 = aj ; 

or, 9 horses : 10 horses : : 45 bundles : x bundles. 

9aj = 450. 

X = 50. 

To THE Teacher. — The formal method of solution of the com- 
pound proportion involves so high a degree of abstraction that the 
average pupil of the grammar school will be injured rather than bene- 
fited by an attempt to master it. It is therefore suggested that this 
method be left for the final review. The simpler methods offer no 
special difficulty, and this class of problems yields the very best train- 
ing in consecutive thinking. 

Undue emphasis can therefore scarcely be paid to this subject 
As the work goes on, the teacher should take the utmost pains to 
have each and every point thoroughly understood by the pupil. 
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257. Examples. 

1. If 9 men earn $99 in 11 days, how much will 6 men 

earn in 14 days ? 

2. If 5 men earn $ 11250 in 18 years, how much will 25 

men earn in 2 years ? 

3. If 14 men can mow 84 acres of grass in 6 days, how 

many acres can 11 men mow in 4 days ? 

4. If 16 men save $ 84 in 24 days, how many dollars will 

36 men save in 16 days ? / 

5. If 4 men can reap 84 acres in 14 days, how many men 

will reap 75 acres in 15 days ? 

6. If 12 men can earn $30 in 3 days, how many men 

will earn $ 45 in 8 days ? 

7. If 70 horses eat 147 bushels of corn in 26 days, in how 

many days will 39 horses eat 21 bushels ? 

8. If 70 horses, in 60 days, eat 16 bushels of corn, in 

what time will 24 horses eat 30 bushels ? 

9. If 25 men consume 300 bushels of corn in 12 months, 

how long will 1112 bushels last 139 men ? 

10. If 19 weavers can weave 57 pieces of cloth, of 25 yards 

each, in 12 days, working 12 hours a day, how many 
pieces of 75 yards each can 12 weavers weave in the 
same time ? 

11. If for the use of $ 350, for 9 days, I pay $ 6.25, at the 

same rate what should I pay for the use of $500 
for 12 days ? 

12. If a room 124 feet long and 84 feet broad will accommo- 

date 1176 persons, what is the length of a room 72 
feet in width which will accommodate 756 persons ? 
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13. If 14 horses eat 120 bushels of corn in 56 days, how 

long will 94 bushels last 6 horses ? 

14. If 6 men can dig a trench 34 yards long in 10 days, 

how many men would be required to dig one 170 
yards long in 15 days ? 

16. If the interest on $ 624 for 3^ years be $ 131.04, what 
will be the interest, at the same rate, on $ 490 for 
4 J years ? 

16. If 5 horses eat 600 bundles of fodder in 40 days, how 

many horses will 1800 bundles feed for 60 days ? 

17. If 96 boards, 15 feet, 6 inches long, and 14 inches wide, 

will floor a place, how many boards will it take if 
they are only 11 feet 4 inches long and 9 inches 
wide? 

18. If 8 men can build a wall 82^ yards long in 10 days, 

how many men will it take to build a wall 247^^ yards 
long in 5 days ? 

19. If 12 men, in 11 days, build a wall 220 yards long, how 

many men would be required to build a wall 480 
yards long in 18 days ? 

20. If the freight on 25 tons of coal for 50 miles is $ 28.75, 

how much coal should be carried 125 miles for 
$80.50? 

21. If 48 men in 36 days, working 9 hours a day, can build 

a wall 648 feet long, 6 feet high, and 3 feet thick, 
how long a wall, that is 8 feet high and 4 feet thick, 
can 32 men build in 4 days, working 12 hours a day ? 

22. A cistern 17^ feet in length, 10^ feet in breadth, and 

13 feet deep will hold 546 barrels of water. How 
many barrels of it will it take to fill a cistern 16 feet 
long, 7 feet broad, and 15 feet deep? 
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23. If 9 2030 a year will comfortably maintain a family of 

7 people in the United States, what will it cost a 
family of 9 to live in Canada, in the same style, for 
9 months, prices there being J of what they are in 
the United States ? 

24. If 5 men and 3 boys can pack 1530 crates of peaches in 

9 days, working 5 hours a day, how many crates will 

8 men and 9 boys pack in 6 days, working 8 hours a 
day, the rates of working of a man and boy being as 
6to3? 

25. If a merchant, with a capital of $ 4000, gain $ 150 in 4 

months, how many months will it take him, with a 
capital of $ 5000, to gain $ 300 ? 

26. If a family of 5 persons be supported 3 months for 

$ 225, how many persons will be supported 8 months 
for $1080? 

27. If a family of 5 persons be supported 3 months for 

$ 225, how much will it take to support a family of 

9 persons for 8 months ? 

28. If a family of 5 persons be supported 3 months for 

$225, for how many months will $1080 support a 
family of 9 persons ? 

29. If 5 men earned $ 75 in 15 days, how many men will 

earn $ 100 in 20 days ? 
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CHAPTER XI. 

PERCENTAGE. 

2S8l Per cent is a contraction of the Latin per centum, 
and means by, or in, the hundred. 6 per cent means 6 in 
the hundred. Thus, 6 per cent of 500 sheep means 6 sheep 
in each 100 of the 500 sheep. Whence 6 per cent of 500 
sheep = 5 times 6 sheep = 30 sheep. 

(% = per cent.) 
What is 

1. 3% of 200 men? 11. 12% of $1200? 

2. 5% of 500 miles ? 12. 25% of $800 ? 

3. 2% of 400 lb. ? 13. 2^% of $ 600 ? 

4. 1% of 800 gal. ? 14. 7^% of $ 400 ? 

5. 7% of 900 oz. ? 15. 12|% of $ 800 ? 

6. 4% of 1000 in. ? 16. 30% of $ 300 ? 

7. 6% of 1200 cu. in. ? 17. 20% of $ 400 ? 

8. 8% of 1500 pt. ? 18. 40% of $ 200 ? 

9. 9% of 2000 pk. ? 19. 50% of $ 600 ? 
10. 10% of 3000 bu. ? 20. 75% of $ 1200 ? 

259. Per cent may be, and generally is, expressed as a 
fraction ; for 6 per cent, or 6 in the 100, is equal to y^, or 
.06, of any given expression. 

Solve the foregoing by each of the two methods after the 
manner of the following models : 

Model 1 (Ex. 1). — 3% of 200 men means 3 men in each 
100 of the 200 men; whence 3% of 200 men = 2 times 3 
men = 6 men. 
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Or, 

Model 2 (Ex. 1).— 3% of 200 men equals ^ of 200 
men ; ^ of 200 men = 2 men ; yf^ of 200 men = 3x2 
men = 6 men; or 6% = .06; .06 of 200 men = .06 times 
200 men = 6 men. 

Express fractionally, in both the common and the decimal 
form : 



5% 


8% 


25% 


40% 


200% 


Wo 


2% 


9% 


12i% 


60% 


300% 


Wo 


3% 


10% 


7i% 


75% 


600% 


Wo 


4% 


11% 


8i% 


80% 


Wo 


Wo 


&% 


12% 


21% 


90% 


Wo 


Wo 


7% 


13% 


36% 


100% 


Wo 


Wo 


Express fractionally and reduce to their lowest terms : 


10% 


70% 


12i% 


35% 


4i% 


126% 


20% 


80% 


37i% 


26% 


75% 


150% 


30% 


90% 


62i% 


33i% 


86% 


176% 


40% 


6% 


87i% 


66|% 


260% 


Wo 


60% 


2i% 


15% 


m% 


300% 


' Wo 


60% 


n% 


46% 


8i% 


600% 


Wo 



260. In the solution of problems in percentage, there are 
five elements that are to be taken into account : the Base ; 
the Bate per Cent, or the Rate ; the Percentage ; the Sum, 
or the Amount ; the Difference. 

These elements are so related to each other that any two 
being given the others are easily found. 

261. The Base is the number on which the percentage is 
reckoned. 

262. The Rate per Cent is the number that denotes how 
many units of each 100 (units) of the base are to be taken ; 
the Rate denotes the hundredths of the base that are to be 
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taken. In the example 6% of 600, the rate per cent is 6 
(units) ; the rate is y^, or .06. 

263w The Percentage is the result obtained by taking any 
per cent of a number. 

Note. — The term Percentage is also applied to the general process 
of reckoning by hundredths. 

264. The Sum or Amount is the base plus the percentage. 

265. The Difference is the base less the percentage. 

265. The Four General Problems in Percentage. 

PrMem L 

To find the Percentage, when the Base and Bate are 
given. 

How much is 5% of 800 bushels ? 

SOLUTION 1. 

8 X 6bu. = 40bu. 

SOLUTION 2. 

dhr = A ; A of 800 bu. = 40 bu. 

SOLUTION 3. 

5 of800bu.=i^^=40bu. 
100 100 

SOLUTION 4. 

.06 Of 800 bu. = 800 bu. 
.06 
40.00 bu. 

B7 formal proportion. 

6 bu. : 100 bu. : : x bu. : 800 bo. 

100 a; = 4000 bu. 
X = 40 bu. 
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What is 

1. 60% of 320«. ? 11. 18% of 390 yd. ? 

2. 20% of 740 qt. ? 12. 33|% of $ 720 ? 

3. 10% of 330 mi. ? 13. 16|% of 360 boys ? 

4. 25% of 640 lb. ? 14. 66|% of 240 sheep ? 

5. 90% of 120 rd. ? 15. 8^% of 480 calves ? 

6. 45% of 180 d. ? 16. 62^% of 640 horses ? 

7. 35% of 360 gal. ? 17. 87^% of 560 oranges ? 

8. 30% of 670 men ? 18. 12|% of 480 apples ? 

9. 5% of 240 A. ? 19. 37|% of 320 bananas? 
10. 9% of200fr.? 20. 2|% of 800 days? 

21. A man bought 350 acres of land, and sold 75% of it. 

How many acres had he left ? 

22. A man bought a horse at $ 180, and sold it at a gain 

of 30%. How many dollars did he gain ? 

23. A farmer harvested 830 bushels of wheat from one field, 

and 150% of that amount from another. How many 
bushels did the second field yield ? 

24. A merchant, failing in business, compromised his in- 

debtedness at 33^% : he owes A $ 240, B $ 2072, and 
C $ 1500. What does he pay to each ? 

25. A has $2472 deposited in bank, and wishes to draw 

out 17^% of it. How much does he write his check 
for? 

26. A cistern which contained 3890 gallons leaked 27|% 

of it. How much remained ? 

27. A merchant having 3892 bushels of meal, sold 90% of 

it. How much remained ? 

28. Cotton, which was worth 8 cents a pouud, has depre- 

ciated 37|%. What is it bringing now ? 
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29. A man's income is $ 1600 a year ; he spends 75% of it. 

How much does he save ? 

30. A grew 650 bales of cotton, and marketed 90% of them. 

How many remained unsold ? 

31. A house and lot was sold for $12500; the purchaser 

immediately resold it at an advance of 12^%. How 
much did he realize by the transaction ? 

32. A bookkeeper receives a salary of $2700; he spends 

33^% for groceries, 16|% for clothing, 11|% for 
house rent, and 25% for other expenses. How much 
does he save ? 

33. A man died, possessed of an estate valued at $ 180000 ; 

he bequeathed 20% of it to a college, 10% of it to a 
public library, and the remainder equally to his 5 
children. How much did each bequest amount to? 

34. A's salary is $ 1200 a year; if he pay 25% of it for 

board, 16f % for clothing, and 30% for other ex- 
penses, what are his yearly expenses ? 

35. A merchant had $ 8000 to his credit in bank ; he drew 

out 12^% of it, then 10% of the remainder, and 
afterward deposited 25% of what he had withdrawn. 
How much was he then credited with at the bank ? 

267. Problem 11. 

To find the Kate, or the Bate per Cent, when the Base 
and Percentage are given. 

40 bushels is what % of 800 bushels ? 

SOLUTION 1. 

To find the Rate per Cent state the question thus : 
40 bu. in 800 bu., is how many bu. in each 100 bu. ? 
If in 8 hundred there are 40 bu., in 1 hundred there are ^ of 40 bu. 
= 6 bu. 
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SOLUTION 2. 

To find the Rate, or how many hundredths 40 bu. is of 800 bu. 
Since 1 bu. is ^J^ of 800 bu., 40 bu. is 40 x yj^ or ^ of 800 bu. ; 
V^ = i(sy A = Tfcor.06or5%; or reduce ^ directly to a decimal. 

By formal proportion : 

40 bu. : X bu. ; : 800 bu. : 100 bu. 

800 X = 4000 bu. 

X = 6 bu. 

1. A speculator made $ 4800 on an investment of $ 86400. 

What was his gain per cent ? 

2. A school numbers 504 pupils, and on a rainy day 336 

pupils answer at roll call. What is the per cent of 
absence ? 

3. A man whose salary is $900 spends $750. What per 

cent of his salary does he save ? 

4. A merchant failing in business made an assignment for 

the benefit of his creditors. His assets amounted to 
$5495, and his liabilities were $7850. What per 
cent of his indebtedness did he pay ? 

5. A fanner raised 350 bales of cotton, and sold 200 bales. 

What per cent of his cotton did he hold ? 

6. From a farm containing 720 acres, 144 acres were sold. 

What per cent of the farm was sold ? 

7. The base is 74841, and the percentage 55247. What is 

the rate per cent ? 

268. What per cent of 

1. 30 is 15? 6. 10 is 5? 

2.. 45 is 15? 6. 10 is 2? 

3. 45 is 9? 7. 20 is 4? 

4. 15 is 6? 8. 40 is 8? 
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9. 80 is 16? 

10. 36 is 9? 

11. 24 is 8? 

12. 48 is 12? 

13. 50 gal. is 10 gal. ? 

14. 72 lb. is 24 lb. ? 

15. 81 qt. is 27 qt. ? 

16. 64 rd. is 16 rd. ? 

17. 36 ft. is 24 ft. ? 

18. 80 bu. is 2 bu. ? 

19. 120 mi. is 40 mi. ? 

20. 96 yd. is 12 yd. ? 

21. 42 rd. is 12 rd. ? 

22. 35 in. is 28 in. ? 

23. 56 ft. is 21 ft. ? 

24. 721b. is 27 lb.? 

25. 20 cwt. is 2 qr. ? 

26. 4 yd. is 2 ft. ? 

27. 2 ft. is 6 in.? 

28. I is I? 

29. fisf? 

30. iisi? 

31. ^is|? 

32. 7|is2|? 



33. 12|is2|? 

34. 37|isl2i? 

35. 62^isl2|? 

36. 900 rd. is 300 rd. ? 

37. 600 yd. is 200 yd. ? 

38. 2100 men is 700 men? 

39. 9600 mi. is 1600 mi. ? 

40. 7200 lb. is 800 lb. ? 

41. 4275 cwt. is 1425 cwt. ? 

42. 4275 cwt. is 1425 qr. ? 

43. $120 is $72? 

44. $96 is $84? 

45. $252 is $.168? 

46. $135 is $75? 

47. $208 is $156? 

48. $312 is $104? 

49. $425 is $272? 

50. $6912 is $5184? 

51. $8392 is $1049? 

52. $9475 is $1137? 

53. $4325 is $1903? 
64. $9575 is $3447? 
55. $8425 is $2359? 



Problem III, 



To find the base, when the rate and the percentage are 
given. 

Of what number of bushels is 40 bushels 5%? 
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Solution 1. 

40 bu. is 6 bn. in as many hundred as 5 bu. is contained times in 
40 bo., which is 8 ; hence 40 bo. is 6% of 800 bu. 

Solution 2. 

II 5% of the base is 40 bu., 

1% of the base is ^ of 40 bu. = 8 bu. 
If 1% of the base is 8 b.u., 
100% of the base is 100 x 8 bu. = 800 bu. 

Or, 

6% = T*ff = A- H lAr of the base is 40 bu. , 

i% of the base is 20 x 40 bu. = 800 bu. 

By formal proportion : 

5 : 100 : : 40 : X. 

5x = 4000. 

x= 800. 

What is the number of which 

1. 10 is 25%? 13. 72 is 24%? 25. 25 is 33^% ? 

2. 8i8l2|%? 14. 96 is 32%? 26. 50 is 8|%? 

3. 25 is 5%? 15. 56 is 7% ? 27. 75 is |% ? 

4. 30 is 6%? 16. 25 is 2^%? 28. 100 is i% ? 

5. 40is 8%? 17. 37^isl2^%? 29. $21.60 is 3% ? 

6. 50 is 10%? 18. 50 is 50%? 30. 430 is 86% ? 

7. 60 is 12%? 19. 40 is 20%? 31. 720 is 96% ? 

8. 45 is 9%? 20. 60 is 40%? 32. 720 is 83^% ? 

9. 36 is 6%? 21. 30 is |% ? 33. $ 1579.50 is 92^% ? 

10. 32is 8%? 22. 45 is |% ? 34. 1985 is 5% ? 

11. 24is 3%? 23. 72is66f%? 35. 1350 is 30% ? 

12. 72 is 6%? 24. 60isl6f%? 36. 1395 is 69|? 

37. A man rents his house for $240 a year, and realizes 
8% on his investment. What is the value of his 
property ? 
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38. A merchant spends ^p3500 for clerks' hire, which is 

7% of his income. What is his income? 

39. A buys a horse and sells it at a profit of $ 45, thereby 

clearing 15% in the transaction. What is the cost 
of the horse ? 

40. A merchant sold $2646 worth of goods, and had 65% 

of his stock left. What was the value of his stock ? 

41. A man owns 75% of a cotton factory, and sells 66^% 

of his share for $40000. What is the value of the 
factory ? 

270. Problem IV. 

To find the Base, when the Amount, or Difference, and 
the Rate are given. 

Note. — Problem IV. is a modification of Problem III., the amount 
or difference being reducible to a percentage of the base. 

1. What number of bushels increased by 5% of itself equals 
840 bushels ? 

Solution 1. — State the question thus: What number of bushels 
increased by 6 bu. in each 100 bu. equals 840 bu. ? Since each 100 
bu. increased by 6 bu. equals 106 bu., the number will be as many 
hundred bushels as 105 bu. is contained times in 840 bu., which is 8 
times ; hence the 800 bu. is the required number. 

Solution 2. — A number increased by 5% of itself is JJJ, or }J of 
itself; whence 

106% of the number = 840 bu., 

1% of the number = 8 bu., 

100% of the number = 800 bu. ; 

or, li of the number = 840 bu. , 

^ of the number = 40 bu., 

}J of the number = 800 bu. 

By formal proportion : 

106 : 100 : : 840 : X. 
105 a- = 84000. 
x = 800. 
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2. What number of bushels decreased by 5% of itself 
equals 760 bushels ? 

Solution 1. — State the question thus : What number of bushels 
decreased by 5 bu. in each 100 bu. equals 760 bu. ? Since each 100 
bushels decreased by 6 bu. equals 95 bu., the number will express as 
many hundred bushels as 05 bu. is contained times in 760 bu., which 
is 8 ; hence 800 bu. is the required number. 

Solution 2. — A number decreased by 5% of itself equals 06%, or 
^ of itself; whence 

95% of the number = 760 bu., 

1% of the number = 8 bu. , 

100% of the number = 800 bu. ; 

or, JJ of the number = 760 bu., 

^ of the number = 8 bu.. 

If of the number = 800 bu. 

By formal proportion. 

96 : 100 : : 760 : a;. 

96x = 76000. 

x=800. 

What number increased by 
3. 20% of itself = 30 ? 15. 8^% of itself = 26 ? 



4. 10% of itself = 55? 16. 6^% of itself = 68 ? 

5. 5% of itself = 42 ? 17. 37^% of itself = 88 ? 

6. 25% of itself = 60 ? 18. 62^% of itself = 65 ? 

7. 50% of itself = 15 ? 19. 18% of itself = 147.50 ? 

8. 75% of itself = 21 ? 20. 25% of itself = 44.45 ? 

9. 100% of itself = 12 ? 21. 12% of itself = 560 ? 

10. 150% of itself = 25 ? 22. 33^% of itself = 1000 ? 

11. 4% of itself = 52 ? 23. 37^% of itself = 5.50 ? 

12. 2% of itself = 204 ? 24. 20% of itself = 158.94 ? 

13. 33^% of itself = 64 ? 25. 16|% of itself = 196.42 ? 

14. 16}% of itself = 56 ? 26. 15% of itself = 231.25 ? 
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What number decreased by 

27. 20% of itself = 40 ? 40. 6J% of itself = 90 ? 

28. 10% of itself = 45 ? 41. 37|% of itself = 50 ? 

29. 5% of itself = 38 ? 42. 62^% of itself = 36 ? 

30. 25% of itself = 60 ? 43. 20% of itself = 35.50 ? 

31. 50% of itself = 15 ? 44. 12J% of itself = 63.56 ? 

32. 75% of itself = 21 ? 45. 15% of itself = 63.75 ? 

33. 100% of itself = ? 46. 10% of itself = 787.50 ? 

34. 30% of itself = 42 ? 47. 16% of itself = 841.68 ? 

35. 4% of itself = 72 ? 48. 87|% of itself = 632.37| ? 

36. 2% of itself == 49 ? 49. 37|% of itself = 18.90 ? 

37. 33^% of itself = 48 ? 50. 16|% of itself = 56.70 ? 

38. 16|% of itself = 65 ? 51. 15% of itself = 7.82 ? 

39. 8J% of itself =99? 

52. A man sold a horse for $ 234, which was an advance of 

30% on the cost. Wliat was the cost ? 

53. A merchant issues his check on the Merchants and 

Planters' Bank of Griffin, Ga., for $2904.60, which 
is 17^% more than he has on deposit. By what 
amount does he overdraw his deposit ? 

54. A merchant sold his interest in a stock company for 

$ 26464, which was an advance of 3f % on what he 
paid for it. What did it cost him ? 

65. A's income has been increased 13^%, and it is now 
$ 1760. Find his former salary. 

56. The population of a certain town is 25804, which is 

15f % more than it was at the time of the census. 
What was the population then ? 

57. A bankrupt compromised with his creditors for $ 10000, 

which was 58^% off. What was the amount of his 
indebtedness ? 
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271. Examples in Pebcentaoe. 

Oral Exercises. 

A per cent of a number is so many hundredths of it; 
5 per cent is -j-§^; 25 per cent is -j^; 50 per cent is -j^j 
100 per cent is |^. 

272. 1. What part is 5 per cent ? 

Explanation. — 6 per cent = yj^ ; j^ reduced to its lowest terms 

2. What part is 10 per cent ? 20 ? 30 ? 40 ? 50 ? 60 ? 70? 

80? 

3. What part is 25 per cent ? 50 ? 75 ? 12^ ? 

4. What part is 2 per cent ? 6 ? 8 ? 4 ? 

5. What part is 7 per cent ? 14 ? 28 ? 

6. What part is 35 per cent ? 37^ ? 62f ? 

7. What part is 2| per cent ? 7^ ? 

8. What part is 33J per cent ? 66| ? 16| ? 8^ ? 

9. What part is 12^ per cent ? 6-^ ? f ? 87^ ? 

273. 1. How many per cent in 1 ? 2 ? 3 ? 

2. How many per cent in ^ ? ^ ? ^ ? 

3. How many per cent in J ? | ? | ? 

4. How many per cent in ^ ? ^ ? f ? 

6. How many x)er cent in | ? ^ ? r^? 

6. How many per cent in ^ ? | ? ^ ? 

7. How many per cent in ^ ? f ? -^ ? 

8. How many per cent in ^ ? -j^ ? ^ ? 

9. How many per cent in ^ ? ^ ? ^ ? 
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10. How many per cent in i^ ? ^? ^ ? 

11. How many per cent in ^ ? ^ ? ^? 

12. How many per cent in ^ ? ^ ? ^ ? 

13. How many per cent in ^ ? ^ ? ^ ? 

14. How many per cent in | ? | ? J? 

274. 1. 3 is what per cent of 4 ? 
Solution. —3 is f of 4 ; f = ^ or 76 per cent 

2. 4 is what per cent of 8 ? 12? 16? 20? 40? 

3. 5 is what per cent of 10? 15? 20? 25? 40? 

4. 6 is what per cent of 12 ? 18? 24? 30?. 36 ? 

5. 8 is what per cent of 16? 24? 32 ? 40? 48? 

6. 20 dollars are what per cent of 60 dollars ? 

7. John bought an orange for 2 cents, and sold it for 

3 cents. What per cent did he gain ? 
Solution. — He gained 1 cent on 2 cents = J = ^, or 50 per cent. 

8. A merchant bought cloth at 3 dollars per yard, and sold 

it at 4 dollars per yard. What per cent did he gain ? 

9. In the last example the profit was what part of the 

cost ? of the selling price ? The cost was what part 
of the selling price ? The selling price what part of 
the cost ? 

10. Bought a melon for 5 cents, and sold it for 4 cents ; 

What per cent did I lose ? 

11. In the last example, the loss was what part of the cost ? 

of the selling price ? The cost was what part of the 
selling price ? The selling price what part of the 
cost? 

12. A watch was bought for 12 dollars, and sold for 16 dol- 

lars. What was the gain per cent ? 
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13. Bought goods for 25 dollars, and sold them for 50 dol- 

lars. What was the gain per cent ? 

14. Bought for $ 30 and sold for $ 45. Gained what per 

cent? 

16 . Bought for $ 72 and sold for $ 63. Lost what per cent ? 

16. Bought for $90 and sold foi> $99. Gained what per 

cent? 

17. Bought for 64 dollars and sold for 72 dollars. Gained 

what per cent ? 

18. Bought for $ 48 and sold for $42. Lost what per cent ? 

19. Bought for $44 and sold for $66. Gained what per 

cent? 

20. Bought for $ 100 and sold for $ 106. Gained what per 

cent? 

21. Bought for $50 and sold for $46. Lost what per 

cent? 

22. Bought for $ 45 and sold for $ 54. Gained what per 

cent ? 

23. Bought for $54 and sold for $45. Lost what per 

cent? 

275. 1. I sold a horse for $ 81, and gained 12^ per cent. 

What was the cost ? 
Solution. — 12} per cent is |. Since the cost plus the profit gives 
the selling price, t + } = f ; fcost = 81; J = 9; f = 72. 

2. Sold a watch for $ 63, and lost 12| per cent. What 

was the cost ? 

3. Sold an article for $ 39, and gained 30 per cent. What 

was its cost ? 

4. Sold an article for 28 cents, and gained 40 per cent. 

What was the cost? 
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5. Sold for 63 cents, and lost 10 per cent. What was the 

cost? 

6. Sold for 9 14, and gained 75 per cent. What was the 

cost? 

7. Sold for $28, and lost 12^ per cent. What was the 

cost? 

8. Sold for 9 25, and gained 25 per cent. What was the 

cost? 

9. Sold for $12, aiid lost 60 per cent. What was the 

cost? 

10. Sold for $ 18, which was 20 per cent more than the 

cost. What was the cost ? 

11. Gained $ 8 on a sale, which was 4 per cent of the cost. 

What was the cost ? 

12. When the selling price is f of the cost, what is the gain 

per cent ? 

13. When the selling price is f of the cost, what is the loss 

per cent ? 

14. When the cost is f of the selling price, what is the 

gain per cent ? 

15. When the cost is | of the selling price, what is the loss 

per cent ? 

16. When the profit is \ of the selling price, what is the 

gain per cent ? 

17. A boy collects $350, and receives 5 per cent commis- 

sion on what he collects. How many dollars does 
he get? 

18. What will it cost to collect a note of $ 650, at 10 per 

cent commission ? 
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19. The sum collected was $ 1200 ; commission 5 per cent. 

What was the cost of collecting ? 

20. The sum collected was $1000; commission 12^ per 

cent. What was the cost of collecting ? 

21. A broker sells $ 800 worth of Georgia E. R. stock, and 

charges f per cent for selling. How much does he 
receive ? 

22. What will be the cost of negotiating a bill of exchange 

for $ 1500, at f per cent ? 

23. What will it cost to insure a house for $ 2500, at 1^ 

per cent premium ? 

24. What will be the premium for insuring a store valued 

at $ 4000, at If per cent ? 

26. Sum insured was $ 2000 ; rate 3| per cent. What was 
the premium ? 

26. Sum insured was $ 600 ; rate | per cent. What was 

the premium ? 

27. At 2 per cent, what amount of insurance can be had for 

$6?$8?$24? 

28. At 6 per cent, what amount of insurance can be had for 

$12? $18? $36? 

29. At 5 per cent, what amount of insurance can be had for 

$20? $25? $30? 

30. At ^ per cent, what amount of insurance can be had 

for $6? $8? $9? 

31. At 2^ per cent, what amount of insurance can be had 

for$25? $125? 

32. At f per cent, what amount of insurance can be had 

for$9? $15? $18? 
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276. 1. What is the interest of $200 for a year, at 5 
per cent ? • 

Solution. — 5 per cent, or j^ = ^'i ^jfOt $ 200 = $ 10. 

2. What is the interest of $ 240 for a year, at 12^ per cent ? 

3. What is the interest of %25 for 3 years, at 4 per cent ? 

4. What is the interest of f 80 for 2 years, at 5 per cent ? 
6. What is the interest of $ 75 for 4 years, at 9 per cent ? 

6. What is the interest of $ 400 for 5 years, at 3 per cent ? 

7. What is the interest of $ 80 for 2 years, at 7^ per cent ? 

8. What is the interest of $ 60 for 5 years, at 6 J per cent ? 

9. What is the interest of $ 75 for 6 months, at 8 per cent ? 
Solution. — 6 months is i year ; the interest for 6 months is J of 

8 per cent = 4 per cent; tJif = A; ^of $7^ = $3. 

10. What is the interest of f 50 for 9 months at 8% ? 

11. Find the interest of $ 300 for 1 yr. 6 mo.'at 6%. 

12. When the interest for 2 yr. is ^ of the principal, what 

is the Rate ? 

13. When the interest for 2 yr. 6 mo. is \ of the principal, 

what is the Rate ? 

14. When the interest for 3 yr. 8 mo. is 33% of the prin- 

cipal, what is the Rate ? 

16. What principal will amount to $ 44 in a year at 10% ? 

16. What principal will amount to |? 92 in 2 yr. 6 mo. 

at6%? 

17. What principal will yield $ 18 interest in 2 yr. at 8% ? 

18. What principal will yield $ 72 interest in 2 yr. 3 mo. 

at8%? 

19. What principal will yield f 96 interest in 2 yr. 8 mo. 

at 9% ? 
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20. When the interest, at 6%, equals 24% of the principal, 

what is the time ? 

21. When the interest, at 8%, equals \ of the principal, 

what is the time ? 

What is the amount of a bill of : 

1. $ 100 with 20% and 10% off? 

Note. — Commercial Discount is a per cent off of anything, with- 
out regard to time. 

Solution. —20% of 1100 = 120; $100 -#20 = $80; 10%of $80 
= 18; f80-$8 = $72? 

2. $ 80 with 25% off ? 6. $ 42 with 16|% off ? 

3. $ 75 with 4% off ? 6. $72 with 12^% off ? 

4. $ 36 with 25% off ? 7. f 48 with 33^% off ? 

8. $ 60 with 20% and 25% off? 

9. 9 150 with 3:^^% and 50% off? 

The Four Problems. 

Note. — It is suggested that sections 277-287 be omitted until the 
final review. 

277. Summary and Generalization, 

Problem I. — Given Base and Bate Per Cent, to find 
Percentage. 

Problem II. — Given Base and Percentage, to find the 
Rate. 

Problem III. — Given Percentage and Rate, to find the 
Base. 

Problem IV. — Given Amount or Difference and Rate^ 
to find the Base. 
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278. SpecicU Example of each Problem, 

Pboblem I. — What is 5% of 800 bu.? 

Pboblem II. — What % of 800 bu. is 40 bu.? 

Pboblem III. — Of what number of bushels is 40 bu. 5%? 

Pboblem IV. — (a) What number of bushels increased 
by 5% of itself equals 840 bu.? 

Pboblem IV. — (6) What number of bushels decreased 
by 5% of itself equals 760 bu.? 

279. Restatement of Special Example ofea^ Problem, 

Pboblem I. — 5 bu. in each 100 bu. is how many in 
800 bu.? 

Pboblem II. — 40 bu. in 800 bu. is how many bushels 
in each 100 bu.? 

Pboblem III. — 40 bu. is 5 bu. in each of how many 
100 bu.? 

Pboblem IV. — (a) 840 bu. is 105 bu. in each of how 
many 100 bu.? 

Pboblem IV. — (b) 760 bu. is 95 bu. in each of how 
many 100 bu.? 

280. Solution of each Example by Analysis or Primary 

Proportion. 

Pboblem I. — 5 bu. in each 100 bu. is in 800 bu., 8 times 
5 bu. = 40 bu. 

Pboblem II. — 40 bu. in 800 bu. is in 100 bu., ^ times 
40 bu. = 5 bu. 
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Pboblem III. — 40 bu. is 5 bu. in each of as many 100 
bu. as 5 bu. is contained times in 40 bu., which is 8 (100) bu. 

Pboblem IV. — (a) 840 bu. is 105 bu. in each of as many 
100 bu. as 105 bu. is contained times in 840 bu., which is 8 
(100) bu. 

Problem IV. — (b) 760 bu. is 95 bu. in each of as many 
100 bu. as 95 bu. is contained times in 760 bu., which is 
8 (100) bu. 

281. Solution of each Example by Formal Proportion. 

Problem I. — 5 bu. : 100 bu. ; : a; bu. : 800 bu. ; whence 
x = 40bu. 

Problem II. — 40 bu. : 800 bu. : : a? bu. : 100 bu. ; whence 
a; = 5 bu. (in each 100 bu.). 

Problem III. — 40 bu. :x bu. : : 5 bu. : 100 bu. ; whence 
a? = 800 bu. 

Problem IV. — (a) 840 bu. : a; bu. :: 105 bu. ; 100 bu.; 
whence x = 800 bu. 

Problem IV. — (b) 760 bu. : a? bu. : : 95 bu. : 100 bu. ; 
whence x = 800 bu. 

Note. — If A, who is reaping a field of wheat, gets 8 bu. in each 
100 bu. reaped, as his wages, what part of the harvest will fall to his 
share ? 8 bu. in each 100 bu. = j^ of each 100 bu. = yj^ of the num- 
ber of bushels harvested. 

It has been found more convenient to regard per cent as meaning 
so many hundredths of an expression, and not so many units in each 
100 units. This requires the per cent to be expressed in the fractional 
form, and usually the decimal. From this conception of per cent as 
a fraction, we have the following : 
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282. Solution of each Example by Analysis or Primary 
Proportion, 

Pboblem I. — .01, or y^ of 800 bu. = 8 bu. ; .05, or y^ 
of 800 bu. =6 X 8 bu. = 40 bu.; or .05 = ^; ^ of 800 bu. 
= 40 bu. 

Problem II. — 1 bu. is -^^ of 800 bu. ; 40 bu. is 40 x -^ 
of 800 bu. = ^ of 800 bu. = ^ of 800 bu. = .05 of 800. 

Problem III. — .05, or y^a? = 40 bu. ; .01, or yj^a? = 8 
bu; 1.00 or 1^0?== 800 bu.: or^a? = 40bu.; |^aj = 800bu. 

Problem IV. — (a) 1.05, or j^ a: = 840 bu. ; .01, or ^^ a?= 
8 bu. ; 1.00, or \^x = 800 bu. : or fjo; = 840 bu. ; ^a? = 40 
bu.; f^a; = 800bu. 

Problem IV. — {h) .95, or ^^ a? = 760 bu. ; .01, or y^^ a; = 8 
bu.; 1.00, or fj^ a? = 800 bu.: or fja? = 760 bu.; ^a? = 40 
bu.; f^a? = 800bu. 



283. SolvMon of each Eocample by Fra/ctioncU Proportion, 

Problem I. — .05, or y^, of 800 bu. = .05 x 800 bu. = 

40 bu. 

Problem II. — 40 bu. is ^ of 800 bu. ; ^ = ^^^ = .05. 

oOO 

Problem III. — .05, or y^a: = 40 bu. ; 1.00, or |^Jaj = J^ 
of 40 bu. = 800 bu. 

Problem IV. — (a) 1.05, or |^ a? =840 bu.; 1.00, or 
^x = 1^ of 840 bu. = 800 bu. 

Problem IV. — (6) .95, or ^i^ aj = 760 bu. ; 1.00, or 
Jfjaj = i^ of 760 bu. = 800 bu. 
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284. SdtUion of each Example by Formal Proportion, 

Problem I. — .05 : 1.00 : : a : 800 ; whence x = 40. 

Problem II. — 40 : 800 : : .0 oj : 1.00 ; whence -^ = .05. 

100 

Problem III. — 40 : a? : : .05 : 1.00 ; whence x = 800. 

Problem IV. — (a) 840 : aj : : 1.05 : 1.00 ; whence x = 800. 

Problem IV. — (b) 760 : a? : : 95 : 1.00 ; whence x = 800. 

Multiplying the means and extremes of the foregoing pro- 
portions together they reduce to the following equations : 

285. Proportion I. = 1.00 a; = .05 x 800 ; whence x 
= .05 X 800 = 40. 

Proportion TI. =800 x r^=40; whence-^ = ^ = '^^' 
100 100 oOO 

Proportion III. = .05 a? = 40 ; whence a: = 40 -s- .05 
= 800. 

Proportion IV. (a) = 1.05 a: = 840 ; whence x = 840 
-^ 1.05 = 800. 

Proportion IV. (6) = 95 a? = 760; whence aj = 760-!- 
.95 = 800. 

286. In Proportion I., x = Percentage ; in II., -^ = Rate ; 

100 

in III., X = Base ; in IV. (a) and IV. (b), x = Base ; whence 
it may be seen by inspection that 

(I.) Percentage = Base x Rate, 
(II.) Rate = Percentage -s- Base, 

(III.) Base = Percentage -^ Rate, 

(IV. (a)) Base = Amount -^ (1 + Rate), 

(IV. (b)) Base = Difference h- (1 - Rate). 

By definition. Amount = Base -f Percentage. 
3y definition. Difference = Base — Percentage. 
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Letting B stand for base, P for Percentage, R for Bate, 
A for Amount, and D for Difference, we have the following 
abbreviated 







Formulas. 




p 


= B 


X R, 




R 


= P 


-B,or|, 




B 


= P 


-R, or|, 




B 


= A 


- (1 -1- R), or 


A 

1 + R' 


B 


= D 


-5- ri - n\ or 


D 



^ ^' 1 - R' 

A = B + P, 
D = B - P. 



287. Examples for Keview. 

1. What is 16f % of 420 ? 

2. What is 87^% of 720? 

3. What is 62^% of 480? 

4. 20 is what % of 80? 
6. 80 is what % of 20? 

6. 30 is what % of 90 ? 

7. 90 is what % of 30? 

8. 30% of what number is 30? 

9. 12^% of what number is 25 ? 

10. 37^% of what number is 72 ? 

11. 62^% of 48 is what % of 50? 

12. 66|% of 36 is what % of 72 ? 

13. 40% of 30 is what % of 84 ? 

14. 50% of 75 is 25% of what number ? 
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16. 6\% of 64 is 6% of what number? 

16. 25 is 33^% more than what number ? 

17. 36 is 20% more than what number? 

18. 72 is 20% more than what number ? 

19. 81 is 12^% more than what number? 

20. 110 is 10% more than what number ? 

21. 45 is 37^% less than what number ? 

22. 64 is 33^% less than what number ? 

23. 50 is 16|% less than what number ? 

24. 20% of 50% is what % of 40% of a number ? 
26. 25% of 40% of 50 is what % of 30 ? • 

26. 60% of 45 is what % of 90% of 36 ? 

27. 30% of 20% is what % of 12% of a number ? 

28. What % of a number is 1^ of it ? ^? |? ^? 

29. What % of a number is I of it ? |? ^? |? 

30. A man having $ 75 spent $ 25 for a suit of clothes. 

What % of his money had he left ? 

31. A man's monthly salary is f 72 and his board costs 

him $ 30 per month. What % of his salary does he 
spend for board ? 

32. A teacher receives $ 1200 a year, and his expenses are 

66^% of his income. What are his expenses ? 

33. A man, having $ 840, invested $ 735 in a vacant lot. 

What % of his money had he left ? 

34. A merchant paid a sight draft of $960, which took 

85^% of all the cash he had on hand. How mucli 
cash remained ? 
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36. A ranchman lost 16f % of his sheep by distemper; he 
sold 60% of the remainder, and had 180 sheep left. 
What % of his flock remained ? 

36. A man invested $ 2250 in a house and lot, which was 

62^% of what he was worth. What was he worth ? 

37. A man owning 75% of a factory sold 66f % of his 

share for % 8720. What was the value of the 
f actoiy ? 

38. A merchant failing in business found his indebtedness 

to be $ 7895.75, and his assets % 5692.3145. What 
(Jo of his debts did he pay ? 

39. A merchant borrowed $2275 for a year, and paid 

$ 955.50 for its use. What % did he pay ? 

40. What must a bookkeeper's monthly salary be that 

6J% of it shall be $87.75 ? 

41. A merchant deposited in bank $1750.65, which was 

20% more than he had taken in that day. What 
were that day's receipts ? 

42. A farmer plants 27% of his arable land in corn, 33J^% of 

the remainder in cotton, and sows 50% of what still 
remains, which is 85 A., 40 sq. rd., 9 sq. yd., 6 sq. ft., 
and 17.28 sq. in., in grain for pasturage. How much 
land has he in cultivation ? Ans. 275 acres. 

43. The average number of pupils in attendance in a certain 

school is 372, which is 93% of the number enrolled. 
What is the enrollment ? 

44. A merchant^sold 500 sacks of flour, which was 20% of 

the number of sacks in stock. How many sacks'were 
left? 

45. A house and lot was sold for $ 12,784, which was 6^1^ % 

more than it cost. What was the cost ? 
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46. The population of a certain city was, in 1890, 140,448, 

which was 15^% greater than its population in 1880. 
What was its population in 1880 ? 

47. An orchard contains 3840 trees, of which 15% are plum, 

45% peach, 12|^% apple, and the rest pear. How 
many trees of each kind does the orchard contain ? 

48. At a forced sale, a house and lot was sold for $ 9124.50, 

which was 16f % less than its real value. If the 
property had been sold for f 13,095.4824, how much 
% above its real value would it have brought ? 

49. A merchant's loss in the year 1894 was $ 2160, which 

was 125% of his profit for the year before. What 
was his profit for the year 1893 ? 

50. The assessed value of the property of a town is 

$3,240,000, and the yearly expense of running its 
public schools is $ 8050. What is the rate of taxa- 
tion for the support of the schools ? 

51. Mr. Doe's state tax is $ 64.50, and the rate is 4 mills 

on the dollar. What is the assessed value of his 
property ? 

52. A man owning | of the stock of a mining company sold 

16|% of his share at 12^% above par for $ 7200. 
What was the par value of the entire stock of the 
company ? 
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CHAPTER XII. 

APPLICATIONS OF PERCENTAGE. 

Profit and Loss. 

Cost is the price paid for anything. 
Selling Price is the sum received for anything. 

289. Where anything is sold for more than its cost, the 
Excess is Profit ; when sold for less than its cost, the Defi- 
ciency is Loss. 

The gain or loss is reckoned at some % of the cost. 

290. When abstract percentage is applied to Profit and 
Loss — 

(1) The Base becomes the Cost. 

(2) The Rate becomes the Rate of Profit or Loss. 

(3) The Percentage becomes the Profit or Loss. 

(4) The Amount becomes the Cost plus the Profit, or the 
Selling Price. 

(5) The Difference becomes the Cost less the Loss, or the 
Selling Price. 

291. Whence the following 

Formulas. 

Cost X Rate = Profit or Loss. 

Cost + Profit = Selling Price. 

Cost — Loss = Selling Price. 

Profit or Loss -4- Rate % = Cost. 

Profit or Loss -§- Cost = Rate. 

The Selling Price (amount) -^ (1 + rate) = Cost. 

The Selling Price (difference) -s- (1 - rate) = Cost. 
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292. Examples. 

1. Bought 25 gallons of syrup at 65 cents a gallon, and 

sold all of it for $ 18.33^. What was the gain %? 

2. A merchant bought 2765 bushels of corn, for which he 

paid $1520.75; but, finding it damaged, he was 
forced to sell it at a sacrifice of 10%. What did 
he sell it for per bushel ? 

3. A farmer sells 250 bushels of oats at 50 cents a bushel. 

The purchaser sells it at a profit of 10%. How much 
does the latter get for the oats ? 

4. A trader bought a cow for f 65.50, and sold her at an 

advance of 30%. How much did he gain ? 

5. A butcher buys 300 lb. of beef at 7^ cents a pound, and 

wishes to sell it at an advance of 20%. How much 
must he ask for it per pound ? 

6. Bought cloth at 45 cts. a yard, and sold it at 60 cts. a 

yard. What % was gained ? 

7. Bought silk at 175 cts. per yard, and sold it at 225 

cts. per yard. What was the gain per cent ? 

8. A jobber bought $ 3840 worth of dry goods, and sold 

the lot at a profit of f 768. What was his gain per 
cent? 

9. A factor sold a shipment of cotton for f 4905, which 

was 5% below the cost. Required the cost. 

10. A merchant buys shoes at $ 3.75 a pair, and sells them 

at $ 4.76^ a pair. What is his gain per cent ? 

11. A trader sold two horses for $150 each. On the one 

he gained 25% and on the other he lost 25%. Did 
he gain or lose on the two, and how much ? 
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Commission. 

293. Commission is the sum paid an agent, or commis- 
sion merchant, for transacting business for another, and is 
reckoned at a certain % on the money received from a sale/ 
or invested by the agent. 

294. When abstract percentage is applied to the com- 
mission business — 

The Base becomes the Sum invested or received. 

The Percentage becomes the Commission. 

The Rate becomes the Rate of Commission. 

The Amount becomes the Sum invested plus the Commis- 
sion. 

The Difference becomes the Sum received less the Commis- 
sion. 

295. Whence the following 

Formulas. 
Sum invested or received x Rate = Commission. 
Sum invested + Commission = Amount. 
Sum received — Commission = Net Proceeds. 
Commission -^ Rate = Sum invested or received. 
Commission -i- Sum invested or received = Rate. 
Amount -h (1 + Rate) = Sum invested. 
Net Proceeds -^ (1 — Rate) = Sum received. 

296. Examples. 

1. My agent sells goods to the amount of $ 2562.50. What 

is his commission at 2|%. 

2. A real estate agent charging 5% commission remits to 

the owner of the property as net proceeds of its sale 
$12,825. What price did the property bring, and 
what was his commission ? 
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3. What will be an agent's commission for selling a house 

worth $ 6472 at 3|% commission? 

4. What will be an agent's commission for selling f 1860 

worth of goods at 2|% commission ? 

6. A lawyer collects $535, at 2^% commission. After 
deducting his commission, how much is remitted to 
his employer ? 

6. A sends his agent $1454.25 to invest in merchandise 

after deducting his commission of 5%. What sum 
will be expended in merchandise, and what will be 
the agent's commission? 

7. A commission merchant receives $ 1261.70, with instruc- 

tions to invest that amount in wheat after deducting 
his commission of 3^%. How much does he invest 
in wheat ? 

8. What amount must be collected by a lawyer that he 

may retain his fee of 5% and remit to his client 
$ 1323.35 ? 

Stocks. 

297. Stock is the capital invested in any corporate 
business; that is, in a business conducted by a company 
established by law and authorized to act as an individual. 

298. A Share is one of the equal parts into which the 
stock of a company is divided ; it is usually $ 100. 

299. The market value of stock is the sum which it 
will bring. 

V 

300. Stock is at Par when it will bring its nominal or 
face value ; above Par, or at a Premium, when it will bring 
more than its nominal value ; and below Par, or at a dis- 
count^ when it brings less than its nominal value. 



168 COMMON SCHOOL ABITHMBTIC. 

301. A Broker is a person who buys or sells stocks for 
himself or for another, and Brokerage is the fee charged 
by the broker for buying or selling stock. It is reckoned 
at a certain per cent of the par value of the stock. 

302. In the application of abstract percentage to the 
business of a broker — 

The Base becomes the Par Value of Stock. 
The Percentage becomes the Brokerage. 
The Rate becomes the Rate of Brokerage. 
Amount becomes the Sum invested plus the Brokerage. 
The Difference becomes the Sum received less the Brok- 
erage. * 

303. Whence the following 

FOSMCLAS. 

Par Value x Rate = Brokerage. 
Sum invested + Brokerage = Amount. 
Sum received — Brokerage = Net Proceeds. 
Brokerage -f- Rate = Par Value. 
Brokerage -i- Par Value = Rate. 

304. 1. What is the cost of 300 shares of Georgia R. R. 
stock at 112, brokerage being ^% ? 

Solution. — Each share will cost |112 plus ^% of its par value, or 
26 cents = $ 112.25 ; and 300 shares will cost 300 x $ 112.28 = 133684. 

2. Find the cost of 36 shares of the Merchants and 
Planters' Bank of Griffin, Ga., at 115^, brokerage 
being \% ? 

« 3. How much will 25 shares of the Kincaid Manufactur- 
ing Company stock cost at 140, brokerage being \^o ^ 

4. Find the cost of 132 shares of the Standard Oil Com- 
pany stock at 97f, brokerage being ^%. 



APPLICATIONS OF PERCENTAGE. 169 

6. What will be the cost of 59 shares of the Southern 
Express Company stock at 102, brokerage being \% ? 

6. Bought 120 shares of bank stock at 93, and sold them 

for 105, brokerage being \% in each case. What 
was the gain ? 

7. Find the cost of 105 shares of the Postal Telegraph 

Company stock at a premium of 5f %. 

8. What will 75 shares of a Life Insurance Company stock 

come to at 9\% discount, brokerage being \% ? 

9. How many shares of bank stock can be bought for 

$ 11687 at 6% discount, brokerage being \(fo ? 

10. A merchant receives 9% dividend on stock bought at 

25% below par. What rate of interest does he get 
on his investment ? 

11. How much may be paid for stock that pays a dividend 

of 12% to realize 6% on the investment? 

12. What rate of interest will a man realize by investing 

in 6% stock at 108 ? 

13. Which is the better investment, 6% stock at 80, or 

7% stock at 90 ? 

14. What must I pay for 5% stock that I may realize 8% 

on my investment ? 

16. What sum must be invested in 6% stock at 94 to yield 
an income of $ 640 ? 

16. What income will a^ investment of $11931 in 6% 

stock at 97 yield? 

17. What must be paid for a 6% railroad stock that 9% 

may be realized on the investment ? 
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Insurance. 

305. Insurance is guaranty by one party of indemnity to 
another party for loss or damage. 

306. The Policy is the written agreement between the 
insurer, or underwriter, and the insured ; and the Premium 
is the sum paid for the insurance. 

307. 1. What is the annual premium on a policy insuring 
a house for $ 2500, the rate being 2^% ? 

2. A ship's cargo was insured for 1^82500 at 2|%. 

What was the premium ? 

3. A cotton factory worth $ 125000 was insured for f of 

its value at 1^%. Find the premium. 

4. The premium paid for the insurance of a house was 

$ 130.50, the rate being 1^%. What is the value of 
the house ? 

5. A merchant paid $ 55.50 for an insurance of $ 9250 on 

his stock of goods. Find the rate of insurance. 

6. An insurance company charges $ 2.85 for insuring fur- 

niture for $ 500. What is the rate ? 
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CHAPTER XIII. 
INTEEEST AND DISCOUNT. 
I. Simple Interest. 
30& Interest is the sum paid for the use of money. 

309. The Principal is the sum on which interest is paid. 

310. The Rate of Interest is the number of hundredths of 
the principal paid for its use for one year. 

311. The Amount is the principal plus the interest. 

312. In the application of abstract percentage to interest — 

The Base becomes the Principal. 

The Percentage becomes the Interest. 

The Rate becomes the Rate of Interest. 

The Amount becomes the Principal plus Interest. 

313. Whence the following 

Formulas. 

Principal x Rate = Interest. 
Principal + Interest = Amount. 
Interest -f- Rate = Principal. 
Interest -^ Principal = Rate. 
Amount -^ (1 + Rate) = Principal. 

Note. — In computing interest 12 months is accounted a year, and 
80 days a month. 
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314. 1. Wliatis the interest of $376.60for5yearsat7%? 

Solution. 
#876.50 = Principal. 

.07 = Rate for 1 year. 



126.2850 = Interest for 1 year. 
5 



Or 



1 131.4250 = Interest for 5 years. 

1375.50 = Principal. 

.35 = Rate for 5 years. 



187750 
112650 



1 131.4250 = Interest for 5 years. 

Find the interest of 

2. $640.85 for 3 years at 6%. 

3. $472.26 for 2 years at 6%. 

4. $783.20 for 4 years at 8%. 
6. $849.80 for 5 years at 6%. 

6. $ 963.30 for 8 years at 4%. 

7. $643.75 for 3 years at 7%. 

8. $897.90 for 6 years at 6%. 

9. $964.46 for 7 years at 8%. 

10. $763.70 for 9 years at 6%. 

11. $544.50 for 5 years at 7%. 

12. Find the interest of $672.40 for 3 years 9 months 

at 6%. 

Solution. 
1672.40 

.06 

$40.8440 = Interest for 1 year. 
3 



$ 121.0320 = Interest for 3 years. 

30.258 = Interest for 9 months (} yr.)= f of $40.3440. 
#151.2900 = Interest for 3 years and 9 months. 
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Or 



1672.40 



^ = Rate for 3 years and 9 months, or 3} years. 



134480 
134480 
1 151.2900 = Interest for 3 years and 9 months. 



Find the interest of 



13. 


» 784.30 


14. 


$322.50 


16. 


$539.35 


16. 


$ 684.90 


17. 


$739.40 


18. 


$828.76 


19. 


$960.20 


20. 


$983.45 


21. 


$345.39 


22. 


$649.60 


23. 


$849.72 


24. 


$227.30 


26. 


$ 672.80 



for 2 years 6 

for 3 years 4 

for 4 years 2 

for 5 years 8 

for 6 years 5 

for 2 years 9 

for 3 years 10 

for 7 years 11 

for 5 years 5 

for 3 years 1 

for 3 years 6 

for 4 years 8 

for 5 years 7 



months 

months 

months 

months 

months 

months 

months 

months 

months 

month 

months 

months 

months 



at 8%. 
at 6%. 
at 8%. 
at 9%. 
at 6%. 
at 8%. 
at 7%. 
at 12%. 
at 5%. 
at 7%. 
at ^%. 
at 3^%. 
at5|%. 



12 
6 



315. 1. Find the interest of $ 640 for 5 yr. 8 mo. 26 da. 
at 6%. 

Solution. 
1640 
. 06 

.40 X 6 = # 192 = Interest for 6 yr. 
1| 3.20 X 8 = $ 26.60 = Interest for 8 mo. 

.63J X 6 = $ 2.67 = Interest for 25 da. or f mo. 

$220.27 = Interest for 5 yr. 8 mo. 25 da. 

640. 
1860.27 = Amount. 

Note. — If the mills are less than 5, disregard them ; if more than 
5, regard them as 1 cent. 
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Find the interest and amount of 

2. » 825.60 for 3 yr. 10 mo. 15 da. at 6%. 



3. 


» 936.72 for 4 yr. 


9 mo. 


18 da. at S%. 


4. 


$826.80 for 5 yr. 


8 mo. 


12 da. at 6%. 


6. 


5 673.20 for 6 yr. 


7 mo. 


21 da. at 7%. 


6. 


$892.75 for 2 yr. 


5 mo. 


17 da. at 5%. 


7. 


$560.15 for 3 yr. 


3 mo. 


3 da. @ 3%. 


8. 


$760.90 for 4 yr. 


2 mo. 


5 da. @ 4|%. 


9. 


$345.10 for 5 yr. 


4 mo. 


• 6 da. @ 5%. 


10. 


$829.20 for 2 yr. 


10 mo. 


10 da. @ 10%. 


11. 


$246.30 for lyr. 


6 mo. 


15 da. @8%.. 


12. 


$195.00 for 5 yr. 


11 mo. 


27 da. @ 9%. 



13. $172.40 for 6 yr. 6 mo. 6 da. @ 6%. 

316. When examples involve years, months, and days, the 
time may be reduced to the decimal of a year or of a month. 
In the example above, to find the interest of $ 825.60 for 
3 yr. 10 mo. 15 da. at 6%, the time is equal to 46.5 
months, or ^ as many years = 3.875 years. 

Whence the following 

Solution. 
$826.60 

M 

140.5360 = Interest for 1 year. 

3.876 
2476800 
3467620 



Or 



1486080 
1 101.0620000 = Interest for 3 yr. 10 mo. 16 da. 

9825.60 
.001 
14.1280 = Interest for 1 mo. 
46.6 
206400 
247680 
166120 



1191.96200 = Interest for 3 yr. 10 mo. 16 da. 
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Six Per Cent Method. 

317. The interest of any sum at 6% 

For 1 year is .06 of itself. 
For 1 month is ^ of .06, or .005 of itself. 
For 1 day is ^ of .005, or .060| of itself. 
1. What is the interest of $275 for 2 yr. 3 mo. 12 da. 
at6%? 

Solution. 

Rate for 2 yr. = 2x .06 = .12 
Rate for 3 mo. = 3 x .006 = .016 
Rate for 12 da. = 12 x .OOOJ =t .002 
Rate for 2 yr. 3 mo. 12 da. = .137 

$276 = Principal. 
.137 = Rate. 
1926 
826 
276 
#37.676 = Interest. 

To find the interest at any other rate per cent, divide the 
interest at 6% by 6, and multiply the result by the given 
rate. 

318. Find the interest and amount of 

1. $ 310 for 1 yr. 5 mo. 6 da. at 12%. 

2. $760.40 for 3 yr. 8 mo. 12 da. at 9%. 

3. $836.90 for 5 yr. 9 mo. 18 da. at 8%. 

4. $ 972.30 for 4 yr. 10 mo. 9 da. at 6%. 

5. $ 1895.75 for 2 yr. 7 mo. 15 da. at 4%. 

6. $2750.25 for 3 yr. 6 mo. 3 da. at 3%. 

7. $2863.40 for 1 yr. 3 mo. 21 da. at 7%. 
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Annual Interest. 

319. When a note stipulates "with interest payable 
annually," or " with interest annually," the interest is due 
at the end of each year, and is called annual interest. 

The annual interest, when not paid, draws simple interest 
until paid. 

Find the interest and amount of the following (the pay- 
ment of interest being deferred to the final settlement) : 

1. f 600 for 3 yr. 6 mo. at 6%, annual interest. 

2. $ 1800 for 4 yr. 4 mo. at 8%, annual interest. 

3. $ 2400 for 2 yr. 8 mo. at 6%, annual interest. 

4. $ 3250 for 3 yr. 9 mo. at 7%, annual interest. 

5. $ 5678 for 5 yr. 6 mo. at 5%, annual interest. 

II. Compound Interest. 

320. When the amount for each year, or period of time, 
beginning with the first, is made the principal for the next 
period, the interest thus accrued, which is foimd by sub- 
tracting the original principal from the final amount, is 
called Compound Interest. 

1. Find the compound interest of $ 500 for 3 years at 6%. 

Solution. 
$500 
1.06 

3000 
500 



$530.00 = Amount for Ist yr. ; principal for 2d yr. 
1.60 



318000 
53000 



1 561.8000 = Amount for 2d yr. ; principal for 3d yr. 
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1661.80 = Amotmt for 2d yr. ; principal for 3d yr. 
1.60 



337080 
66180 



1695.5080 = Amount for 3d yr. 
$ 600. = Original principal. 
$95,608 = Compound interest for 3 years. 

Find the compound interest of the following : 

2. $540 for 2 yr. at 8%. 

3. $720 for 3 yr. at 5%. 

4. $ 840.75 for 4 yr. 6 mo. at 6%. 

5. $ 960.40 for 3 yr. 4 mo. at 7%. 

6. $ 1080.25 for 5 yr. at 6%. 



III. Partial Payments. 

321. A Partial Payment is a payment in part of a note, 
bond, or other obligation. 

United States Rule. — Find the amount of the principal 
to the time when the payment, or the sum of the payments, 
equals, or exceeds, the adeemed interest, and from this amount 
subtract the payment, or the sum of the paymertfs. The re- 
mainder is a new principal, with which proceed as before. 

1. $ 600. Athens, Ga., Jan. 1, 1890. 

Three years after date, I promise to pay Malcolm McCord, 
six hundred dollars, with interest from date, at 6 per cent, 
value received. John Jones. 

On this note were endorsed the following payments : 
Jan. 1, 1891, $50. 
Jan. 1, 1892, $30. 
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Find the amount when the note fell due. 
Solution. 

|600 = PriDcipal. 
1.06 = 1 plus rate. 



3600 
600 



1636.00 = Amount at end of 1st year. 
50.00 = First payment. 



$686.00 

1.12 = 1 plus rate for 2 yr. (payment 
being less than interest). 
117200 
68600 
58600 



$656.3200 = Amount at end of 3d year. 

30.00 = Second Payment. 
$626.32 = Amount due Jan. 1, 1893. 

2. A note for $ 840, dated Jan. 12, 1892, was endorsed as 

follows: April 2, 1892, $75; Aug. 22, 1892, $50; 
Nov. 12, 1892, $205. Find the amount due Jan. 12, 
1893, at 6%. 

3. A note for $1500, dated Oct. 1, 1893, was endorsed as 

follows: Dec. 1, 1893, $225.50; March 16, 1894, 
$ 525.25 ; July 31, 1894, $ 375.25. Find balance due 
Oct. 1, 1894, at 8%. 

4. A note for $ 350, dated Dec. 1, 1894, was endorsed as 

•follows: Jan. 1, 1895, $100; Feb. 16, 1895, $150; 
March 1, 1895, $5.00; April 15, 1895, $45. Find 
the amount due May 1, 1895, at 7%. 

5. A note for $ 1250, dated Feb. 1, 1892, was endorsed as 

follows: Feb. 1, 1893, $250; May 1, 1894, $37b; 
Dec. 1, 1894, $280. What amount was due Feb. 1, 
1895, at 6% ? 
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Mercantile Rule. 

322. Merchants often settle notes and accounts upon 
which payments have been made by the following : 

Rule. — Pind the amount of the note, or account, from the 
time interest began to the time of final settlement 

Find the amount of each payment from the time it was made 
to the time of final settlement; and from the amount of the 
principal subtract the sum of the amounts of the payments; 
the remainder will be the balance due. 

1. On a note for $ 125, dated May 15, 1893, were endorsed 

the following payments : July 15, 1893, $ 25 ; Sept. 

15, 1893, $ 30 ; Dec. 1, 1895, $ 40. What balance 
was due May 15, 1894, at 6% ? 

2. On an account of $ 87.50, bearing interest from Jan. 1, 

1894, were endorsed the following payments: Jan. 

16, 1894, $5.50; March 1, 1894, $7.50; April 15, 
1894, $10; June 15, 1894, $12.50; Aug. 12, 1894, 
$ 8.25 ; Oct. 1, 1894, $ 25. Dec. 1, 1894, the account 
was paid in full. What was the amount of the final 
payment? Rate 7%. 

IV. Present Worth and Discount. 

323. The Present Worth of a debt, due at some future 
time, is that sum which, placed at interest for the. given 
time, at a given rate, will produce the debt when due. 

324. Discount is the face value less the present worth of 
the debt. 

Note. — This is often called true discount, to distinguish it from 
commercial discount, or per cent off, which is a deduction, from the 
face of an obligation, of a given per cent without regard to time. 
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32S. When expressed in the terms of interest — 
The Present Worth becomes the Principal. 
The Discount becomes the Interest. 
The Face of the Debt becomes the Amount. 

1. What is the present worth and the discount of a note 

for $187.27, due in 1 yr. 4 mo., without interest, 
when money is worth 6% ? 

2. Find the present worth of a note for $ 420.90, due in 

2 yr. 9 mo., without interest, the current rate of 
interest being 8%. What is the discount? 

3. What is the present worth and the discount of a note 

for $ 387.28, due in 6 mo., without interest, the cur- 
rent rate being 6% ? 

4. Find the present worth and the discount of a note for 

$ 1491, due in 2 yr. 3 mo. 15 da., without interest, 
at 8%. 

V. Bank Discount. 

32& A Bank is an Institution, established by law, to 
lend money, to receive money on deposit, to issue drafts, 
bills of exchange, etc. 

327. A Promissory Note is a written promise to pay a 
certain sum of money, at a specified time, in consideration 
of value received. 

The law allows the maker of a note three days after the 
time specified in the note, to meet his obligation. 
This extension is called Days of Grace. 

328. Bank Discount is the simple interest upon the face 
of a note for the specified time plus the three days of grace. 

The Proceeds of a note is the face of the note less the bank 
discount. 

The Term of Discount is the number of days from the time 
a note is discounted to the time it matures. 
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329. Find the discount and proceeds of the following 
notes: 

1. 5 360. Atlanta, Ga., May 22, 1895. 
Three months after date, I promise to pay J. P. Davis 

three hundred sixty dollars for value received at the First 
National Bank. John Jones. 

Discounted June 22, 1895, at 6%. 

Solution. 
The note matures Aug. 25, 1895. 

The term of discount is from June 22 to Aug. 22, 1895 = 64 days. 
The bank discount is the interest on $ 360 for 64 days, which at 
60/,= ^3.84. 

The proceeds = $ 360 ~ $ 3.84 = # 356.16. 

2. $ 250. Augusta, Ga., Jan. 1, 1895. 
Sixty days after date, I promise to pay Jacob Haas two 

hundred fifty dollars for value received at the First National 
Bank. J. B. Hunnicutt. 

Discounted Feb. 1, 1895, at 8%. 

3. $ 750.50. Macon, Ga., Nov. 1, 1895. 
Three months after date, I promise to pay J. Q. Waxel- 

baum seven hundred fifty and ^^ dollars for value received 
at First National Bank. J. S. Pkoudfit. 

Discounted Dec. 1, 1895, at 6%. 

4. $ 630. Columbus, Ga., May 1, 1895. 
Three months after date, I promise to pay James Feathers- 
ton six hundred thirty dollars for value received at First 
National Bank. J. P. Bboweb. 

Discounted June 1, 1895, at 6%. 

5. $ 490. Savannah, Ga., March 1, 1895. 
Two months after date, I promise to pay David Brown 

four hundred ninety dollars for value received at Second 
National Bank. Thomas Smith. 

Discounted April 1, 1895, 2^.6%. 
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CHAPTER XIV. 
INVOLUTION AND EVOLUTION. 

330. Involution is the process of finding the power of a 
number. 

331. The Power of a number is the product produced by 
taking the number one or more times as a factor. 

332i The Exponent or Index is a number that denotes the 
degree of the power ; as 5* indicates 5 x 5 x 5, or the third 
power of 5. 

The first power of 3 = 3^ or 3. 

The second power or square of 3 = 3 x 3 = 3* or 9. 

The third power or cube of 3 = 3 x 3 x 3 == 3« or 27. 

The fourth power of 3 = 3 x 3 x 3 x 3 = 3* or 81. 

The fifth power of 3 = 3x3x3x3x3 = 3* or 243. 

333. Evolution is the process of finding a root of a 
number. 

334. The Root of a number is one of the equal factors of 
tjhe number. 

335. The Square Root of a number is one of the tuoo equal 
factors of the number. 

336L The Root or Radical Sign is a character [^] placed 
before the number to denote the degree of the root; V26 
denotes the square root of 25, V64 denotes the cube root 
of 64. The root of a number may be obtained by resolving 
it into its equal factors. 
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337. Find the square root of 226, 784, and 324. 

PROCESS. 



PROCESS. 

3 
3 

6" 



226 

76 

26 

6 

1 

226 = 16 X 16 ; 
V226 = 16. 



PROCESS. 

784 

196 

49 

7 
1 

784 = 28 X 28 ; 
V784 = 28. 



324 
36 

4 

2 

1 

324 = 18 X 18 ; 
\/324 = 18. 



338. Find the square root of 625, of 676, and the cube 
root of 1728. 



PRO 

6 


^ESS 

626 

126 

26 

6 

1 


PRO 

2 

2 

13 

13 


CESS. 

676 

338 

169 

13 

1 


PR 

2 
2 
2 
2 
2 
2 
3 
3 
3 

1728 
v'1728 


OCESS. 

1728 




6 


864 




5 
6 


432 
216 






108 




62 X 62 or 26 X 26 , 


676 = 26 X 26 ; 
V676 = 26. 


64 




26. 


27 






9 






3 






1 
= 12 X 12 
= 12. 


Xl2; 



It is tedious and difficult and sometimes impossible to 
resolve large numbers into their equal factors; for this 
reason, a different method is commonly used. This method 
is however essentially algebraic, and students at this stage 
of advancement find it impossible thoroughly to master its 
rationale. 

In this treatise no attempt is therefore made to demon- 
strate the rules of Evolution; but, instead, simple geo- 
metrical illustrations are given as helps to fix the processes 
in the mind of the pupil. 
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Square Root. 

339. The second power has twice as many orders of units 
ds the root, or twice as many less one. 

1» = 1. 10« = 100. 100« = 10000. 

3« = 9. 25^ = 625. 10002 = 1000000. 

9^ = 81. 99* = 8801. 2.5^ = 6.25. 

Hence, to find the number of figures in the root, separate 
the number into periods of two figures each, beginning at 
the place of the decimal point. The left-hand period will 
contain the square of the first figure of the root. 

340. The floor of a square hall contains 5625 sq. ft.; 
find the length of each side of the square. 



PROCESS. 




SHORTENED PROCESS. 




6625170 + 6 = 76 


6626(76 




4900 




49 




146) 726 




146) 726 




726 




726 

70 ft. 




70 ft. 








^ 

s 


«X)0 sq.ft. 


« 

t 


4900 sq, ft. 






i 




to 


350 sq. ft. 






70 ft. 




Fio. 1. 




Fig. 2. 





Explanation. — The floor is a square whose area is equal to the 
product of its length by its breadth ; hence the square root of the 
area, 6625 sq. ft., will give the length of each side of the square. 
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70 ft. 



5tt. 



To find the number of figures in the root, we separate the number 
into periods of two figures each, beginning at the place of the decimal 
point, and find that there are two orders of units in the root. 

We extract the square root of the left-hand period and find it to be 
7(0) ft. Subtracting the square of the root found, which is 40(00) 
sq. ft., from the area of the hall, 6626 sq. ft., we have a remainder of 
726 sq. ft. 

That the form of the square may be preserved, we must add this 
remainder equally to the length and breadth of the square (Fig. 2). 

Since the length of each side of the square found is 70 ft, the length 
of the entire addition is twice 
70 ft., or 140 ft. plus the length 
of the small square (Fig. 3), whose 
length is the breadth of the addi- 
tion which is as yet undetermined. 

The breadth of the added area 
being small in comparison with 
its length, 140 ft. may be regarded 
as its approximate length; and 
the added area divided by this 
approximate length as a trial divi- 
sor will give its breadth (nearly). 

Dividing 726 sq. ft. by 140 ft., 
we get 6 (nearly). If 6 ft. is the 
exact breadth of the added area, we find its exact length by adding 6 
ft. to the approximate length, which gives 146 ft. (Fig. 4.) 

Since the length multiplied by the breadth produces the area, we 
multiply 146 ft. (the length) by 6 ft. (the breadth), and find that the 
product equals the remainder, 726 sq. ft. Whence we conclude that 
the remainder has been properly distributed and the side of the square 
found, which is 76 ft. 

Length of addition 



4000 sq. ft 



860 sq. ft. 



70 ft. 
Fxo. 8. 



25 

bit 



70 ft. 



6 ft. 
Fig. 4. 



70 a. 



Bulb. — Begin at the place of the decimal point and sepa- 
rate the number both ways into periods of two Jigurea each. 

Find the greatest square in the left-hand period, and place 
its square root in the form of a quotient at the right of the 
number. 
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Subtract the square of this root figure from the left-hand 
period, and to the remainder annex the neoct period for a 
dividend. 

Take twice the figure of the root found for a trial divisor; 
divide the dividend, omitting the last figure, by this trial 
divisor, and annex the quotient thus found to the root and also 
to the divisor. Multiply the complete divisor by the figure of 
the root kist found, and svbtract the product from the dividend. 

Proceed in the same way with the remaining period {if 
any) until aU are brought down. 

Point off one-half as many decimal places in the root as 
there are decimal places in the power. 

341. The square root of a common fraction is found by 
taking the square root of the numerator and of the denom- 
inator for the terms of the root. 

Find the square root of 

1. 676. 5. 1369. 9. 5626. 

2. 729. 6. 1521. 10. 7921. 

3. 784. 7. 2209. 11. 8649. 

4. 841. 8. 4624. 12. 15625. 



Cube Root. 

342. The third power has three times as many orders of 
units as its root, or three times as many less one or less two. 

1»=1. 10»=1000. 

2» = 8. 99» = 970299. 

3« = 27. 100» = 1000000. 

9» = 729. 1000» = 1000000000. 

Hence there will be as many orders, or figures, in the 
cube root of a number as there are periods of three figures 
each in the number. 
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343. A cubical barn has a volume of 421875 cu. ft. ; find 
its dimensions. 



PROCESS. 

42i875i70+5 
= 343000 


,.---"'' 




14700 
1050 


78875 
78875 


25 




15775 



Fig. 1. 



Explanation. — The bam is a perfect cube whose volume is equal 
to the product of its length, breadth, and thickness ; hence the cube 
root of its volume will be the length of each of its dimensions. 




Fio. 2. 

To find the number of figures in the root, we separate the number 
into periods of three figures each, beginning at the place of the decimal 
point, and find that there are two orders of units in the root. 

We extract the cube root of the left-hand period and find it to be 
7(0) ft. Subtracting the cube of the root found (Fig. 1), which is 
343(000) cu. ft., from the volume of the bam, 421,875 cu. ft., we have 
a remainder of 78,875 cu. ft. 
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That the form of the cube may be preserved, we must add the 
remainder equally to the length, breadth, and thickness of the small 
cube (Fig. 1). 




Q. 8. 



The remainder is added in three instalments: 1st, 3 solid layers 
are added (Fig. 2); 2d, 3 solids (Fig. 3); 3d, the minute cube (Fig. 4). 

Since each of the layers covers a face of the cube (Fig. 2), the area 
of each layer must be that of one of the faces of the cube ; namely, 70 
ft. X 70 ft., or 4900 sq. ft., and the area of the three, 14,700 sq. ft. 
The thickness of the layer is as yet undetermined. 

The length of each solid addition (Fig. 3) is the length of one edge 
of the cube (Fig: 1), which is 70 ft. ; and its breadth and thickness are 
equal, and each that of the undetermined thickness of the layers. 

The dimensions of the minute cubical addition (Fig. 4) are each 
that of the undetermined thickness of the layers. 

The combined volume of the additions divided by their combined 
area will give their common thickness ; but we have only one dimen- 
sion of the long solids and none of the minute cube. 

But the area of the solids and minute cube being small in compari- 
son with that of the three layers, the area of the latter, 14700 sq. ft., 
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may be regarded as the approximate area of the additions ; and the 
added Yolume divided by this approximate area as a trial divisor will 
give the common thickness of the several additions (nearly). 





m 



Fig. 4. 



Dividing the remaining volume, 78875 cu. ft., by the approximate 
area of the additions, 14700 sq. ft., we obtain 6 ft. as the thickness of 
the additions. 

We place 5 in the root and proceed to complete the divisor. 

Area of 3 layers (each 4900) 14700 sq. ft. 

Area of 3 solids (70 x 5 = 360) .... 1050 sq. ft. 

Area of 1 minute cube (5x5 = 25) . . 25 sq. ft. 

Combined area of additions 15776 sq. ft. 

The complete divisor, 15775 sq, ft., multiplied by the second figure 
of the root (5 ft.) will give 78875 cu. ft., which is the volume of 
the additions. Whence we conclude the remainder has been properly 
distributed and the edge of the cube found, which is 76 ft. 



Rule. — Begin at the plaice of the decimal point, and sepor 
rate the number both ways into periods of three Jigtires each. 

Extract the cube root of the left-hand period, and place the 
figure found to the right of the number in the fonn of a quo- 
tient, as the first term of the root; cube this figure regarded 
as tens, and subtract the pmduct from the left-hand period; 
and to the remainder bring down the next period for a dividend. 
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Take three times the square of the figure founds regarded as 
tens, for a trial divisor, by which divide the dividend, and 
pkice the quotient in the root To the trial divisor add three 
times the product of the second figure of the root by the first, 
regarded as tens, and also the square of the second figure. 
The sum wiU be the complete divisor, which multiply by the 
second figure of tJie root and subtra/:t the product from the 
dividend. 

Proceed in the same way with the remaining periods (if 
any) until all are brought down. 

Point off one4hird as many decimal places in the root as 
there are decimals in the power. 

Find the cube root of 

1. 16626. 8. 1963126. 

2. 132661. 9. 13312063. 

3. 238328. 10. 42608649. 

4. 117649. 11. 92346408. 
6. 406224. 12. 178463647. 

6. 636066. 13. 306646876. 

7. 941192. 14. 731432701. 

The cube root of a common fraction is found by taking 
the cube root of the numerator and of the denominator for 
the terms of the root. 



Applications of the Square and Cube Roots. 

1. Find the side of a square whose area is 49.4209 square 

yards. 

2. Find the edge of a cube whose volume is 212776173 

cubic yards. 

8. Required the area of each of the faces of a cube whose 
volume is 631441 cubic inches. 
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8. 



10. 



11. 



How much tin will it take to make a cubical box (with- 
out cover) whose contents shall be 357911 cubic 

inches ? 
A triangle is a plane boimded by three straight lines 

and having three angles. . A right-angled triangle is 

a triangle having one right angle. 
The square described upon the hypotenuse (side opposite 

the right angle) of a right-angled triangle is equiva- 
lent to the sum of the 

squares described .upon 

the other two sides: 

whence, the hypotenuse 

is equal to the square 

root of the sum of the 

squares of the other two 

sides; and the base or 

perpendicular is equal to 

the square root of the 

difference of the squares 

of the hypotenuse and 

the other side. 
The base and perpendicular of a right-angled triangle 

are respectively 8 feet and 6 feet. Required the 

hypotenuse. 
The hypotenuse of a right-angled triangle is 5 feet and 

its perpendicular, 4 feet. Find its base. 
The sides of a right-angled triangle are each 1 foot. 

Required the length of the hypotenuse. 
The floor of a room is 16 feet by 20 feet : find the dis- 
tance between the opposite corners. 
A ladder 50 feet long is placed on the ground 30 feet 

from the basement of a house and just reaches the 

lower sill of the window: find the height of the 

window. 



A 
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Miscellaneous Examples in Eeyiew. 

1. If the minuend is 39672 and the difference 26745, what 

will the subtrahend be ? 

2. The divisor is 54321 and the quotient 12345. Fmd 

the dividend. 

8. The dividend is 45780840 and the quotient 555. Find 
the divisor. 

4. The dividend is 34705, the quotient 45, and the re- 

mainder 505. Find the divisor. 

5. A shepherd wishes to put 693 goats and 1875 sheep 

in the least number of pens that will hold the same 
number of head. How many head must each pen 
contain? 

6. A earns $ 57 a month, B $95 a month, and C $ 133 a 

month. Find the least sum of money that will furnish 
a number of integral months' work to each of the 
men. 

7. Nellie had ^ of a melon and Harry gave her |^ of an 

equal melon. What part of the melon did she then 
have ? 

8. Leila spent || of a certain sum of money for ribbon, 

giving f of the original sum for each yard. How 
many yards did she buy ? 

9. What will 16| yards of cloth cost at 16f cents a yard ? 

10. A merchant owning a | interest in a business sells ^ of 

his interest. What part of the business does he still 
own? 

11. If 75 calves cost $656.25, how many calves can be 

bought with $ 700 ? 



INVOLUTION AND EVOLUTION. 193 

12. What will 36 yards of cloth bring at the rate of 75| 

yards for $ 643.87^ ? 

13. If 4- of a store be worth 943£ 7s. Sd., what is the value 

of the store in dollars ? 

14. Washington, D,C., is 77° 0' 15" west longitude and 

San Francisco 122° 26' 48" west longitude. When it 
is noon at Washington, what time is it at San Fran- 
cisco ? 

16. If a man travels 281.826 miles in 4.59 days, how far 
does he travel in 7.75 days ? 

16. The paymaster of the Seaboard Air Line distributed 

$ 26137.65 equally among a certain number of men, 
giving each $71.61. How many men were there ? 

17. f 58.59 will buy how many yards of cloth at $.93 a 

yard? 

18. How many gallons of syrup may be bought for $ 176.25 

at $.47 a gallon? 

19. If a clerk has for the past 16 years smoked 5 cigars a 

day at an average cost of 3^ cents each, how much 
has this vicious habit cost him, reckoning the year 
at 365 days ? 

20. Find the least common multiple of 620, 558, and 744. 

21. What is the L. C. M. of 6942 and 3738 ? 

22. What number multiplied by 7 thousandths gives 29.925 ? 

23. How many slabs of marble 1 foot long and 8 inches 

wide, will it take to pave a court 100 yards square ? 

24. What is the difference between 100 yards square and 

100 square yards ? 

26. How many bushels of corn will a barn 50 feet long, 
30 feet wide, and 25 feet high hold ? 
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26. What will it cost to excavate a cellar 40 feet long, 
30 feet wide, and 10 feet deep at 50 cents a cubic 
yard? 

- 27. How many gallons of water can be held by a ditch 
9 miles long, 3 feet wide, and 5 feet deep ? 

28. How many cubic feet in a syrup boiler that holds 

60 gallons ? 

29. Which is worth the more, 77 bushels of wheat at 

$ 1.37^ a bushel, or 118 bushels of corn at 9 .89 a 
bushel ? 

30. A boy studies 5 hours a day (Sundays excepted) from 

Feb. 1 to June 20. How many days of 12 hours 
each did he employ in study ? 

31. If a person sleeps 8 hours a day, how many years will 

he spend in sleep in a life of 3 score and 10 years ? 

32. From the product of the sum and difference of 4.6 and 

2.5 take the difference of their squares. 

33. A merchant paid $ 1300 for 26 bales of merchandise. 

At the same rate what would 178 bales cost ? 

34. What will 45 yards of cloth cost at the rate of 33 yards 

for $ 7.26 ? 
36. Find the cost of 8f pounds of sugar at the rate of 
5| pounds for 42 cents. 

36. At the rate of 3 J yards of silk for $ 3, what will 28| 

yards cost ? 

37. Find the cost of ^ of a pound of cheese at the rate 

of 1^ of a pound for ^ of a dollar. 

38. 6 yards of flannel were sold for $ 4.55f|. At the same 

rate, what would 7f yards have brought ? 

39. Find the cost of 16| yards of cloth at the rate of 

12| yards for $ 1. 
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40. If a 3-foot staff casts a 12-foot shadow, what length of 

shadow will a 9-foot staff cast at the same time of 
day? 

41. At the rate of 2 ounces of silver for $2.24, what will 

f of an ounce bring ? 

42. Find the cost of 94 barrels of flour at the rate of $ 425 

for 100 barrels. 

43. What 4 men do in 100 days, 5 men would be how long 

in doing ? 

44. 2 men would be how long in doing what 20 men do 

in ^ day ? 

45. How many men would do in 20 days what 60 men do 

in 8 days ? 

46. How many days would it take 10 men to plough a field 

that it takes 2 men 40 days to plough ? 

47. If ^ of a book equals 120 pages, how many pages does 

the book contain ? 

48. A can do a piece of work in 21 hours, and B can do 

the same work in 28 hours. How long will it take 
A and B working together to do the work ? 

49. A can do a piece of work in 30 days, B in 45 days, 

and C in 180 days. In what time can A and B do 
the work? In what time A* and C ?^ In what time 
B and C ? In what time A, B, and C ? 

50. A and B can do a piece of work in 40 days; A and C 

in 15 days ; and B and C in 24 days. In what time 
can A, B, and C together do the work ? 

61. What number added to ^ of itself equals 1833 ? 

62. What number increased by i and ^ of itself equals 548 ? 
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63. A stock breeder has 2888 head of horses, cows, and 
sheep, and he has 3 times as many cows as . horses 
and 5 times as many sheep as cows. How many of 
each has he ? 

54. Two candidates for the office of county school com- 

missioner receive 781 votes, and the successful candi- 
date gets 61 votes more than the other. How many 
votes does each get ? 

55. A has 180 yards the start of B, who gains 5 yards 

every minute. In what time will B overtake A ? 

56. If a miller takes 12^% of. the grain he grinds as toll, 

how many bushels of grain must a person take to 
mill that he may get 28 bushels of meal ? 

57. Divide $ 2860 among 3 persons so that the second shall 

have $50 more than the first, and the third $60 
more than the second. 

58. What is 7520 tons of hay worth at $ 1.25 a hundred 

pounds ? 

59. Divide 26 into 2 parts that shall have the ratio to each 

other of 3 to 2. 

60. Divide 27 into 3 parts that shall have the ratio to each 

other of 2, 3, 4. 

61. What is the height of a mountain on whose summit the 
boiling point of waiter is 180° Fahrenheit ? 

Note. — The boUing point of water at the sea level is 212°, and 
the temperature falls one degree for every 553 feet of ascent. 

62. A person owning f of a mill sells ^ of his share for 

$ 400. Required the worth of the mill, 

63. If 18 men in 16 weeks plough a farm of 1152 acres, 

how many acres can 15 men plough in 18 weeks ? 



INVOLUTION AND EVOLUTION. 197 

64. If 16 men in 2 weeks eaxn $720, how much will 11 
men earn in 9 months ? 

66. If 10 horses eat 8 tons of hay in 6 weeks, how many 
horses will it take to eat 56 tons in 21 weeks ? 

66. If 6 men earn $ 84 in 14 days, what will 9 men earn 

in 16 days ? 

67. If 6 laborers dig a ditch 34 rods long in 10 days, how 

many rods will 20 laborers dig in 15 days ? 

68. If 96 cows eat 3f tons of hay in 7^ weeks, how much 

hay will last 32 cows for 120 weeks ? 

69. A farmer sold his farm for $ 3360, gaining thereby 20% 

of the cost. Required the cost. 

70. A real estate dealer sold a house and lot for $1800, 

losing thereby 20% of the cost. Find the cost. 

71. A house and lot together are worth $8250, and the 

house is worth 10 times as much as the lot. Find 
the value of each. 

72. A and B entered into copartnership, A furnishing 

$ 5470, and B $ 6580 ; their net gain the first year 
was $ 843.50. Find the share of each. 

73. What is the interest on a note of $ 560 for 3 years, 8 

months, and 15 days ? 

74. For what must 6% stock be bought that the investment 

share yield an income of 8% ? 

75. A man sold two horses for $ 150 each, on the one he 

gained 25%, and on the other he lost 25%. Did he 
gain or lose on the sale, and how much ? 

76. A citizen's assessed property is $12800, and the an- 

nual tax for the support of public schools is 25 cents 
on the hundred dollars. What does he contribute to 
the support of the schools ? 
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77. A piece of property is bought for $ 27250 and sold for 

$ 32018.76. What per cent is gained ? 

78. Find the interest of $371.25 for 3 years, 9 months, 

12 days, at 4%. 

79. A shepherd lost S% of his sheep by disease, 33^% of 

the remainder were sold, and there still remained 518 
sheep. What number had he at first ? 

80. How much must I ask for a horse that cost $ 122,50, 

that I may deduct 30% from my asking price and 
still make 30% ? 

81. If stock is bought at 8% below par and sold at 6% 

above par, how many dollars will be made on 75 
shares? 

82. A horse and buggy together are worth $ 300, and the 

horse is worth 50% more than the buggy. Required 
the cost of each. 

83. Mr, Thomas Nail of Griflfin, Ga., received $ 7500 to in- 

vest in cotton, after deducting his commission of 2%. 
Find his commission. 

84. A commission merchant receives f 1000 to invest in 

bacon, after deducting his commission of 5%. Re- 
quired the amount invested in bacon and his commis- 
sion. 

85. If 100 shares of railroad stock be bought at par and sold 

at 3% discount, what is the loss ? 

86. 40 yards of cloth bought at $ 2,50 per yard and sold for 

$ 120 yields what rate per cent of profit ? 

87. A merchant failing in business owes A $500, B $1200, 

O $ 4300 ; and his assets are f 1500. Find the amount 
each creditor receives. 
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88. Find the amount of a note of $ 525 from May 17, 1893, 

to June 18, 1895. 

89. What principal at 8% interest from January 1, 1895 

to March 16, 1895 will amount to f 457.50 ? 

90. A merchant having sold a quantity of goods for $ 600 

on a credit of 1 year and 9 months, learned that he 
could have sold the same goods for $ 580 cash. Did 
he gain or lose by the transaction and how much, 
money being worth 6% ? 

91. A boat left St. Louis for New Orleans with a cargo of 

500 bales of cotton. The boat reached her destina- 
tion with only 360 bales, the remainder having been 
thrown overboard. Required the per cent of cargo 
cast overboard. 

92. Of 1250 boxes of oranges shipped from Florida to New 

York only 1075 boxes reached their destination in 
good condition. What per cent of the cargo had 
spoiled on the way ? 

93. Mr. Hasselkus shipped 360 crates of the Alberta peach 

from Griffin, Ga., to Cincinnati ; of these 270 crates 
were delivered to the consignee in good condition. 
What per cent loss did he sustain ? 

94. What is the annual premium on a house worth $ 4500, 

the rate being \% ? 

95. When the interest of $ 750 for 3 years and 4 months is 

$ 162.50, what is the rate per cent ? 

96. Find the present worth and discount of a note for 

$ 1800, due in 1 year and 3 months, without interest, 
money being worth 6%. 

97. What is the compound interest of $ 500 for 9 years, at 

98. Find the side of a square that contains 152399025 

square yards. 
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MENSURATION. 

1. Mensuration is the process of measuring lines, planes, 
and solids. 

2. A line is length without breadth or thickness. 

3. A plane is a surface having length and breadth without 
thickness. 

4. A solid is a body having length, breadth, and thickness. 

5. A parallelogram is a plane bounded by four straight 
lines with its opposite sides equal and parallel. 

6. A rectangle is a parallelogram whose angles are right 
angles. 

7. A square is a rectangle whose sides are equal. 




Parallelogram. 



Rectaogle. 



Square. 



8. A trapezoid is a four-sided plane, two of whose sides 
are parallel. 
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9. The altitude of a triangle is the perpendicular dis- 
tance between the vertex and base. 




Trapezoid. 



Triangle. 



10. The altitude of a four-sided plane is the perpendicu- 
lar distance between its upper and lower bases. 

11. The perimeter of a plane (other than the circle) is 
the sum of the lengths of all its sides. 

12. A circle is a plane bounded by ^^u^^^^^^^^ 
a curve line, every point of which is 
equally distant from a point within 
called the centre. 

13. The circumference of a circle 
is the curve which bounds it. 

14. The diameter is a straight line 
passing through the centre and ter- 
minating in opposite points in the circumference. 

15. The radius is a straight line drawn from the centre 
to the circumference. It is one-half the diameter. 




Oirde. 



Measurement of Planes. 

16. It is demonstrated in Geometry : 

I. That the area of a parallelogram is equal to the prodtict 
of its base and aJUUvde. 

II. That the area of a triangle is equal to one-half tJie 
product of its base by its altitude. 



202 COMMON SCHOOL ARITHMBTIC. 

III. That the area of a trapezoid is equal to the product 
of (me-half the sum of its parallel sides by its aUUude. 

IV. That the circumference of a circle is eqtwl to the 
product of its diameter by 3.1416 (nearly). 

V. That the area of a circle is equcd to the prodvxst of its 
radius by one-half the circumference. 

Note. — The area of a circle may also be found by multiplying the 
square of its diameter by .7864, or the square of its radius by 3.1416. 
Letting r represent 3.1416, B the radius, and A the area, we derive 

irip = A, whence B = ^& 



Examples. 

1. How many square feet in a floor 20 feet long and 

16 feet wide? 

2. How many acres in a square piece of land whose sides 

are each 75 rods ? 

3. Kequired the area of a circle whose diameter is 25 rods. 

4. What is the area of a triangle whose base is 40 feet 

and altitude 12 feet ? 

5. What is the area of a triangle whose base and altitude 

are respectively 160 feet and 75 feet ? 

6. Find the number of acres in a triangular field whose 

base is 250 rods and altitude 80 rods. 

7. How many acres in a rectangular field 130 rods long 

and 90 rods wide ? 

8. Kequired the number of acres in a rectangular field 

900 rods long and 160 rods wide. 

9. 320 acres is the area of a rectangular field and 1 mile 

the length of one dimension. Find the length of 
the other dimension. 
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10. Find the area of a trapezoid whose parallel sides are 

respectively 60 rods and 80 rods, and its altitude 
35 rods. 

11. Find the area of a circle whose radius is 10 rods. 

12. Find the area of a triangle whose base is 20 rods and 

altitude 6 rods. 

13. Eequired the diameter of a circle whose circumference 

is 75 rods. 

14. What is the area of a circle whose radius is 30 feet ? 

15. What is the area of a circle whose radius is 50 feet ? 

16. Find the circumference of a wheel whose diameter is 

15 feet. 

Measurement of Solids. 

A prism is a solid described by the perpendicular move- 
ment of a plane. 

A cylinder is a solid described by the revolution of a rec- 
tangle about one of its sides as an axis. 

A cone is a solid described by the revolution of a right- 
angled triangle about its base or perpendicular as an axis. 






Prism. 



Cylinder. 



Cone. 



A Sphere is a solid described by the revolution of a semi- 
circle about its diameter as an axis. 
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A pyramid is a solid having any regular plane (other 
than the circle) for its base, and three or more triangles for 
its sides, whose vertices meet in a common point called the 
vertex of the pyramid. 





Pyramid. 

It is demonstrated in geometry : 

I. TJuU the area of the surface of a prism is the sum of 
the areas of its sixfcvces, 

II. Thai the area of the convex surface of a cylinder is 
equal to the prodvM of the circumference of its base by its 
altitude. 

III. That the area of the convex surfa/ie of a cxme is equal 
to the product of the circumference of its base by one-half its 
slant height. 

IV. That the area of a surface of a sphere is equal to the 
product of its diameter by the circumference of a great circle. 

V. Thai the area of the lateral surface of a pyramid is 
equal to the product of the perimeter of its bojse by one-half 
its slant height. 

VI. That the volume of a prism is equal to the product of 
its three dimensions (expressed in units of the same denom- 
ination). 

VII. Thai the volume of a cylinder is equal to the product 
of the area of its base by its altitude. 
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VIII. That the volume of a cone is equal to the product of 
the area of its base by one-third of its aUitude, 

IX. That the volume of a sphere is eqiixd to the prodvxA 
of the area of its surface by one4hird of its radius, 

X. That the volume of a pyramid is equal to the product 
of the area of its base by one-third of its altitude. 



Examples. 

1. Find the surface of a sphere whose diameter is 18 feet. 

2. Kequired the convex surface of a cone whose base is 2b 

square feet and altitude 18 feet. 

3. Kequired the lateral surface of a pyramid, the perimeter 

of whose base is 30 rods and its slant height 42 
yards. 

4. What is the area of the convex surface of a cylinder, 

the circumference of whose base is 60 feet and alti- 
tude 12 feet? 

5. Find the volume of a prism whose base is 2b square 

feet and altitude 10 feet. 

6. Find the volume of a prism whose base is 25 feet 

square and altitude 10 feet. 

7. Find the contents of a cone whose base is 36 square 

feet and altitude 9 feet. 

8. Kequired the superficial area and the volume of a 

prism whose length, breadth, and thickness are re- 
spectively 7, 8, and 9 inches. 

9. How many bushels in a box 15 feet long, 5 feet wide, 

and 8 feet deep ? 

10. What is the volume in cubic feet of a wall 24 feet 3 
inches long, 10 feet 9 inches high, and 2 feet thick ? 
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11. Find the superficial area and the volume of a sphere 

24 inches in diameter. 

12. What is the area of the surface of a prism whose alti- 

^tude is 16 feet and base a square, each side of which 
is 5 feet? 

13. Find the area of the lateral surface of a triangular 

pyramid whose slant height is 10 feet and the sides 
of its base 4, 5, and 6 feet. 

14. Find the convex surface and volume of a cylinder 

whose circumference is 20 feet and altitude 45 feet. 

15. Required the convex surface and volume of a cone, the 

circumference of whose base is 18.8496 feet and 
slant height 10 feet. 



Carpeting Rooms. 

1. A floor is 15 feet by 12 feet. What will it cost to carpet 

it, each strip being | yards wide, at $ 1.25 a yard ? 

Solution. — (1) If the strips are laid lengthwise the room, it will 
take as many strips as } yard is contained times in 12 feet, which is 
5}. Therefore it will require 5| strips ; but since parts of a strip are 
never sold, 6 strips must be bought. Each strip must be the length 
of the floor, which is 15 feet, or 6 yards. That is, it will take 6 strips, 
each strip 5 yards long, or 30 yards of carpeting. Hence carpeting 
the room will cost 30 times $ 1.25 = $ 37.60. 

(2) If the strips are laid crosswise the floor, it will take 7 strips 
(6 1), each strip 4 yards long, or 28 yards of carpeting. 28 yards 
at $1.25 = $35. 

2. How many yards of carpeting 1 yard wide will it take 

to cover a floor 18 feet by 15 feet ? 

3. Required the number of yards of matting 1 yard wide 

that will be necessary to cover a floor 20 feet by 
16 feet. 
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4. Which is the cheaper way to lay the strips to cover a 
floor 18 feet by 15 feet with strips f yards wide ? 

6. A room is 15 feet square. How many yards of carpeting 
will be required to cover it, if there is a waste of 3 
inches in each strip in matching the pattern ? 

Papering Walls. 

Wall paper is usually sold in rolls 8 yards long and 18 
inches (^ yard) wide. In papering walls the rolls are laid 
vertically. Since the rolls are ^ yard wide, it will take 
twice as many widths of the roll to go round the room as 
there are yards in the perimeter of the floor. But a roll 
vertically placed will make as many strips as the height of 
the room is contained times in the length of the roll. With 
respect to allowance for doors and windows, custom varies. 
Allowance is sometimes made for one-half, sometimes for 
the whole area of doors and windows. A generous allow- 
ance is occasionally made by subtracting the width of the 
doors and windows from perimeter of floor. 

1. How many rolls of paper of regular length and width 

will be required to paper the lateral walls of a room 
16 feet long, 12 feet wide, and 9 feet high, making no 
allowance for doors and windows ? 

2. How much will it cost to paper a room 15 feet square 

and 9 feet high, at f 1.12^ a roll, making no allow- 
ance for doors and windows ? 

3. How many rolls of paper will it require to cover the 

lateral walls of a room 20 feet long, 16 feet wide, 
and 8 J- feet high, making no deduction for apertures ? 
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Hill's Geometry for Beginners. 

By G. A. Hill, A.M. 12mo. Cloth. 320 pages. Mailing price, $1.10; 
for introduction, $1.00. Answers, in pamphlet form, can he had by 
teachers, 

nnHIS book presents the subject in the natural method as distin- 
guished from the formal method of Euclid, Legendre, and the 
common text-books. The central purpose is intellectual training, 
or, teaching hy practice how to think correctly and continuously. 



W. E. Byerly, Prof, of Mathe- 
matics, Harvard University : I do not 
see how the i>art devoted to plane 
geometry could be improyed. 

John Trowbridge, Professor of 
Physics, Harvard University: If I 



had been taught geometry in the 
manner set forth by Mr. Hill, I should 
have been saved at least six years of 
blundering effort in endeavoring to 
grasp the subject of geometry from 
set propositions. 



Hill's Lessons in Geometry. 



For the Use of Beginners. By G. A. Hill, A.M., author of the Cfeometry 
for Beginners, 12mo. Cloth. 190 pages. Mailing price, 76 cents ; for 
introduction, 70 cents. Answers, in pamphlet form, can he had by 
teachers, 

rpHIS is a course similar to that given in the Geometry for Begin- 
ners, but it is shorter and easier, and does not require a knowl- 
edge of the metric system. Like the Geometry for Beginners this is 
especially commended to those who cannot pursue the study far 
but desire the discipline of geometry. 

G. G. Bounds, Prin. State Normal 
School, Plymouth, NJI. : For giving 
to students who have never studied 
geometry a real and living knt>wl- 
edge of the subject and a command 
of its more important applications, 
I know of no book equal to this. 



0. F. Morgan, Prin, High School, 
Waterville, Minn,: My class of 
twelve passed a better examination 
on questions submitted by the High 
School Board, after sixteen weeks 
study, than those pupils who had 
studied ^'s twice as long. 



Hill's Drawing Case. 



Prepared expressly to accompany Hill's Lessons in Geometry, and con- 
taining, in a neat wooden box, a seven-inch rule with a scale of milli- 
meters ; pencil compasses, with pencil and rubber ; a triangle ; and a 
protractor. Retail price, 40 cents ; for introduction, 30 cents. 
A specimen copy of the Lessons in G^metry with the Drawing Case 
will be sent, postpaid, to any teacher on receipt of 31.00. 
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Wentworth'8 School Algebra. 

By G. A. Wentworth, recently Professor of Mathematics, Phillips 
Exeter Academy. Half morocco, v + 362 pages. Mailing price, $1.26 : 
for introduction, $1.12. Answers in pamphlet fornix free , on teachers* 
orders. 

^HE School Algebra is offered as exactly right for the usual 
high school and academic courses. It gives a thorough and 
practical treatment of the principles of Algebra up to and includ- 
ing the binomial theorem, and is strictly in line throughout with 
the author's College Algebra. For college preparation it is 
particularly well suited. The problems in this book are nearly all 
new, either original or selected from recent examination papers, 
and are graded with the utmost care. 

George W. Price, Teacher of 
Mathematics, High School, Council 
Bluffs, la. : Without doubt the best 
book out for high schools. 

Erastus Test, Principal Purdue 
University Prep. Dept. : I regard it 
as the ne plus ultra in the line of a 
school Algebra. 

Frank E. Thompson, Principal 
High School, Newport, R.I.: A 
thorough knowledge of the contents 
of the book will enable a pupil to 
pass an entrance examination to 
any college. 

David Eugene Smith, Teacher of 
Mathematics, State Normal and 
Training Schx)ol, Tpsilanti Mich.: 
I have examined it with a good deal 
of care. It seems well adapted to the 
needs of our schools — even better 
adapted than the author's former 
work, which I have used and recom- 
mended. The improvements to be 
found in this work are such as will 
meet the approval of all teachers. 

0. S. Westcott, Principal North 
Division High School, Chicago: The 
student who finishes it will be splen- 
didly prepared to grapple with the 
beautiful discussions of higher Al- 
gebra. 



Theodore L. Sewall, Principal of 
Girls' Classical School, Indianapolis : 
An admirable book, like all of the 
Wentworth Series. 

George Gilbert, Principal of Ches- 
ter Academy, Pa.: The best book 
for its grade yet issued. 

George E. Gay, Principal of High 
School, Malden,Mass.: Better adapted 
to use in high schools than any other. 

T. W. Palmer, Prof, of Mathe- 
mxitics. University of Alahamja: An 
admirable work. 

G. D. Schmitt, University of Tenr- 
nessee : For the work intended, I do 
not think it can be surpassed. 

L. B. Hunt, Principal of High 
School, Corning, N. Y. : It meets my 
desires completely. 

W. P. Dnrfee, Prof, of Mathe- 
matics, Hobart College, NT.: An 
admirable book for college prepara- 
tion. 

J. S. Slocum, Principal South 
Division High School, Chicago: I 
have used it in connection with the 
preparation of a class for college 
and have been pleased with its clear 
definitions, logical arrangement, and 
happy selection of both examples 
and problems. 



MATHEMATICS. 



81 



Wentworth'8 College Algebra. 

By G. A. Wbntworth, recently Prof, of Mathematics, Phillips Exeter 
Academy. Half morocco. 500 pages. Mailing price, 31.66; for intro- 
duction, $1.50. Answers in pamphlet forvfif free y on teachers* orders, 

n^HIS is what its name indicates, a text-book for colleges and 
scientific schools. The first part is simply a concise review 
of the principles of Algebra preceding quadratics, with enough 
examples to illustrate and enforce the principles. Room is thus 
left for a full discussion of the higher topics. The endeavor has 
been to give in matter and methods the best training in algebraic 
analysis at present attainable. The work covers a full year, but 
by omitting starred sections and problems,' the instructor can 
arrange a half-year course. Many professors helped with sug- 
gestions to make the College Algebra fit prevailing requirements. 



William Beebe, Assistant Prof, 
of McUhemcUics and Astronomy ^ Yale 
College: I find it characterized by 
the clearness and method of all Pro- 
fessor Wentworth's books, and am 
particularly struck with the amount 
of matter in the Algebra. 

Clarence 0. Comstock, Instructor 
of Mathematics, Knox College, HI, : 
I think this Algebra will prove to be 
excellent for college use. 

W. J. James, Instructor of Mathe- 
matics, Wesleyan University, Conn, : 
It seems to me to be admirably 
adapted to college work. 

Fres. W. M. Obenohain, Prof, of 
Mathematics, Ogden College, Ky,: 
It is the very book I want. 

Eev. H. M. Perkins, Prof, of 
Mathematics, Ohio Wesleyan Univer- 
sity : It is both complete and com- 
prehensive. 

John E. Clark, Prof, of Maihe- 
m/itics. Tale College: Every way 
worthy the reputation the author 
has already achieved. 



Dascom Ghreene, Emeritus Prof, 
of Mathematics, and Astronomy, 
Rensselaer Polytechnic Institute, 
Troy, N, Y. : The methods of treat- 
ment seem to be generally judicious, 
and the style attractive, and to the 
student well grounded in the ele- 
ments it furnishes an excellent prac- 
tical course in the higher branches 
of the subject. 

E. S. Crawley, Prof, of Mathe- 
matics, University of Pennsylvania: 

It is a great improvement over 

for college use, and in its way seems 
to me to leave nothing to be desired. 

J. C. Glashan, Inspector of Public 
Schools, Ottawa, Canada: I am 
satisfied I can unqualifiedly recom- 
mend it. 

Henry C. King, Prof, of Philoso- 
phy, Oberlin CoUege, 0, : The chap- 
ter on Determinants I think a spe- 
cially valuable feature, which alone 
would tell strongly in favor of the 
book for college use. 
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Wentworth'8 Higher Algebra. 

By G. A. Wentworth, recently Prof, of Mathematics, Phillips Exeter 
Academy. Half morocco. 528pa^e8. Mailing price, $1.56 ; for intro- 
duction, $1.40. Answers in pamphlet formffree^ on teacher^ orders, 

rpniS work is designed to prepare thoroughly for colleges and 
scientific schools, and to furnish in addition what is needed for 
the general student in such institutions. 

Preparatory schools and academies of high grade, especially such 
as give the pupils a thorough preliminary drill in arithmetic, 
normal schools, seminaries, and many colleges, will find it specially 
suited to their requirements. 

It is substantially equivalent to the author's Complete Algebra, 
but is believed to be in many respects better. The arrangement 
and the treatment of the topics have been revised, and fuller 
explanations have been given. It is more complete than the 
School Algebra, inasmuch as it takes up the topics usually included 
in higher Algebra. It gives a fuller treatment of the simpler ele- 
ments of Algebra than the College Algebra, and not so elaborate a 
treatment of the more advanced portions. 

In a word, the Higher Algebra provides in a single hook a complete 
course parallel to the' course provided by the School and College 
Algebras together. 



Davie Oarber, Professor of Mathe- 
matics and Astronomy, Muhlenberg 
College, Allentown, Pa, : It seems to 
meet the wants of a general college 
course better than any of the 
author's other works on the same 
subject. With its elementary and 
advanced parts, its excellent arrange- 
ment and clear treatment of topics, 
it is certainly a very desirable text- 
book. 

David Eugene Smith, Prof, of 
Mathematics^ State Normal Schoolt 
Ypsilanti, Mich, ; As a one-volume 
work, intended for advanced stu- 
dents, I do not think that it has any 
superior. It embodies all of the sub- 
jects of general algebra that are 
really necessary for higher work. I 
can commend it highly as an unex- 
celled textrbook. 



L. 7. Blckford, Daniel Baker 
College, Brownwood, Texas: One 
could scarcely see room for improve- 
ment upon Wentworth's Algebras 
as previously published, but the 
author in his Higher Algebra has 
solved the problem of improvement 
with remarkable success. In methoc^ 
and matter, and logical arrangement, 
and in vigorous analysis, it is well 
nigh perfect, and it easily leads as a 
text-book. 

MUton L. Comstock, Prof, of 
Mathematics, Knox College, GiUei- 
burg, Ills,: The explanations are short 
and to the point always ; the exam- 
ples are numerous and well selected, 
and the general scope of the treatise 
is ample for the demand of a college 
course. 
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Wentworth'8 Elements of Algebra. 

By G. A. Wbntworth, recently Professor of Mathematics, Phillips 
Exeter Academv, and author of Geometry^ Trigonometry, etc. Half 
morocco, x -f ^25 pages. Mailing price, $1.25 ; for introduction, $1.12. 
Answers bound separately in pamphlet form, 

T^HIS book is designed for high schools and academies, and con- 
tains an ample amount for admission to any college. In grade 
and amount it is exactly equivalent to the School Algebra, and as 
the problems are entirely different, it may be used as an alterna- 
tive when a change of problems is found desirable. 

Wentworth's Complete Algebra. 

Includes the subjects usually taught in Colleges. Half morocco. 525 
I>age8. Mailing price, $1.56; for mtroduction, $1.40. Answers bound 
separately in pamphlet form, 

T^HIS work consists of the author's Elementary Algebra, witli 
about one hundred and eighty-five pages additional, and it 
may be used as an alternative for the Higher Algebra to obtain a 
new set of problems. 

Wentworth's Shorter Course in Algebra. 

Half morocco. 258 pages. By mail, $1.10; for introduction, $1.00. 
Answers in pamphlet form, free, on teachers* orders. 

T^HIS book was prepared and is recommended only for a special 
use. It was based upon the author's Elements of Algebra, 
and contains all the essential subjects treated in that book, but 
with fewer examples, so as to make a one-year's course. 



Algebraic Analysis . 



By G. A. Wbntworth, A.M., recently Prof, of Mathematics, Phillips 
Exeter Academy; J. A. McLellan, LL.D., Inspector of Nonual Schools, 
and Couductor of Teachers' Institutes for Ontario, Canada ; and J. C. 
Glashan, Inspector of Public Schools, Ottawa, Canada. Part I. con- 
cluding: with Determinants. 12mo. Half leather. x + 418 pages. By 
mail, $1.60; to teachers and for introduction, $1.50. 

T^HIS work is intended to supply students of Mathematics with 
a. well-filled storehouse of solved examples and unsolved exer- 
cises in the application of the fundamental theorems and processes 
of pure Algebra. 
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Wentuforth's New Plane Geometry. 

By G. A. WnrrwoRTH, recently Professor of Mathematics, PhillnA 
Exeter Academy. 12mo. x + 2^ pages. Mailing price, 85 cents ; for 
intfodiietion, 75 cents. 

Wentworth's New Plane and Solid Geometry. 

Bjr 6. A. WsNTWORTH. 12mo. Half morocco, xi-i- 386 paces. Mailing 
price, $1.40 ; for introduction, $1.25. Hie book now incmdes a treatise 
on Conic Sections (Book IX.). 

A LL the distmg^uiBhiiig characterisfcics of the first edition haye 
been retained. The subject ib treated as a branch of practical 
logic, the object of which is to detect and state with precision the 
Buccessiye steps from premise to conclusion. 

In each proposition a concise statement of what is given is 
printed in one kind of type, of what is required in another, and 
the demonstration in still another. The reason for each step is 
indicated in small type between that step and the one following ; 
and the author thus avoids the necessity of interrupting the process 
of demonstration to cite a previous proposition. The number of 
the section on which the reason depends, is, however, placed at the 
side of the page ; and the pupil should be prepared, when called 
upon, to give the proof of each reason. Each distinct assertion in 
the demonstrations and each particular direction in the construo 
tion of the figures begins a new line, and in no case is it neoessaiy 
to turn the page in reading a demonstration. 

In the new edition will be found a few changes in the order of 
the subject-matter. Some of the demonstrations have been given 
in a more concise and simple form. The diagrams, with which 
especial care was taken originally, have been re-engraved and mate- 
rially improved. The shading, which has been added to many of 
the figures, has proved a great help to the constructive imagination 
of pupils. The theory of limits— the value of which the author 
emphasizes — has been presented in the simplest possible way, and 
its application made easy of comprehension. 

But the great feature of this edition is the introduction of nearly 
seven hundred original exercises, consisting of theorems, problems 
of construction, and problems of computation, carefully graded and 
adapted to beginners in Geometry. 
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Wentworth's School Algebra. 

By G. A. Wkntwobth, recently Professor of Mathematics, Phillips 
Elxeter Academy. Half morocco, y + 362 i>ages. Mailing price, $1.25 : 
for introduction, $1.12. Answers in pamph^t fomiffree, on tecu^hers^ 
orders. 

T^HE School Algebra is offered as exactly right for the usual 
high school and academic courses. It gives a thorough and 
practical treatment of the principles of Algebra up to and includ- 
ing the binomial theorem, and is strictly in line throughout with 
the author's College Algebra. For college preparation it is 
particularly well suited. The problems in this book are nearly all 
new, either original or selected from recent examination papers, 
and are graded with the utmost care. 

George W. Price, Teacher of 
Mathematics^ High Schoolf Council 
Bluffs, la. : Without doubt the best 
hook out for high schools. 

ErastUB Test, Principal Purdue 
University Prep. Dept. : I regard it 
as the ne plus ultra in the line of a 
school Algehra. 

Frank £. ThompBon, Principal 
High School, Newport, R.I.: A 
thorough knowledge of the contents 
of the book wiU enable a pupil to 
pass an entrance examination to 
any college. 

David Eugene Smith, Teacher of 
Mathematics, State Normal and 
Training School, TpsilanH Mich.: 
I have examined it with a good deal 
of care. It seems well adapted to the 
needs of our schools — even better 
adapted than the author's former 
work, which I have used and recom- 
mended. The improvements to be 
found in this work are such as will 
meet the approval of all teachers. 

0. S. Weetoott, Principal North 
Division High School, Chicago: The 
student who finishes it wiU be splen- 
didly prepared to grapple with the 
beautiful discussions of higher Al- 
gebra. 



Theodore L. Sewall, Principal of 
Girls* Classical School, Indianapolis : 
An admirable book, like all of the 
Wentworth Series. 

George Gilbert, Principal of Ches- 
ter Academy, Pa.: The best book 
for its grade yet issued. 

George E. Gay, Principal of High 
S<^ool, Malden,Mass.: Better adapted 
to use in high schools than any other. 

T. W. Palmer, Prof, of Mathe- 
matics, University of Alabama. : An 
admirable work. 

G. D. Sehmitt, University of Ten- 
nessee : For the work intended, I do 
not think it can be surpassed. 

L. B. Hunt, Principal of High 
School, Coming, N. Y. : It meets my 
desires completely. 

W. P. Durfee, Prof, of Mathe- 
matics, Hobart College, NT.: An 
admirable book for college prepara- 
tion. 

J. S. Slocum, Principal South 
Division High School, Chicago: I 
have used it in connection with the 
preparation of a class for college 
and have been pleased with its clear 
definitions, logical arrangement, and 
happy selection of both examples 
and problems. 
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Wentworth's College Algebra. 

By G. A. Wbntworth, recently Prof, of Mathematics, Phillips Exeter 
Academy. Half morocco. 500 pages. Mailing price, $1.66 ; for intro- 
duction, $1.50. Answers in pamphlet fornix freet on teachers* orders, 

T^HIS is what its name indicates, a text-book for colleges and 
scientific schools. The first part is simply a concise review 
of the principles of Algebra preceding quadratics, with enough 
examples to illustrate and enforce the principles. Room is thus 
left for a full discussion of the higher topics. The endeavor has 
been to give in matter and methods the best training in algebraic 
analysis at present attainable. The work covers a full year, but 
by omitting starred sections and problems,' the instructor can 
arrange a half-year course. Many professors helped with sug- 
gestions to make the College Algebra fit prevailing requirements. 



William Beebe, Assistant Prof, 
of Mathematics and Astronomy ^ Yale 
College: I find it characterized by 
the clearness and method of all Pro- 
fessor Wentworth's books, and am 
particularly struck with the amount 
of matter in the Algebra. 

Clarence 0. GomBtock, Instructor 
of Mathematics, Knox College, HI. : 
I think this Algebra will prove to be 
excellent for college use. 

W. J. James, Instructor of Malhe- 
matics, Wesleyan University, Conn. : 
It seems to me to be admirably 
adapted to college work. 

Pres. W. M. Obenchain, Prof, of 
Mathematics, Ogden College, Ey.: 
It is the very book I want. 

Eev. H. M. FerkinB, Prof, of 
Mathematics, Ohio Wesleyan Univer- 
sity: It is both complete and com- 
prehensive. 

John E. Clark, Prof, of Mathe- 
matics, Tale College: Every way 
worthy the reputation the author 
has already achieved. 



Dascom Greene, Em£ritus Prof, 
of Mathematics, and Astronomy, 
Rensselaer Polytechnic Institute, 
Troy, N.Y. : The methods of treat- 
ment seem to be generally judicious, 
and the style attractive, and to the 
student well grounded in the ele- 
ments it furnishes an excellent prac- 
tical course in the higher branches 
of the subject. 

E. S. Crawley, Prof, of Maihe- 
mMtics, University of Pennsylvania: 

It is a great improvement over 

for college use, and in its way seems 
to me to leave nothing to be desired. 

J. C. Glashaa, Inspector of Public 
Schools, Ottawa, Canada: 1 am 
satisfied I can unqualifiedly recom- 
mend it. 

Henry C. King, Prof, of PhUoao- 
phy, Oberlin College, 0. : The chap- 
ter on Determinants I think a spe- 
cially valuable feature, which alone 
would tell strongly in favor of the 
book for college use. 
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Wentworth'8 Higher Algebra. 

By G. A. Wkntworth, recently Prof, of Mathematics, Phillips Exeter 
Academy. Half morocco. 528pa^e8. Mailing price, $1.65 ; for intro- 
duction, $1.40. Answers inpamphiet/orm,/ree^ on teac/iert* orders, 

rpniS work is designed to prepare thoroughly for colleges and 
scientific schools, and to furnish in addition what is needed for 
the general student in such institutions. 

Preparatory schools and academies of high grade, especially such 
as give the pupils a thorough preliminary drill in arithmetic, 
normal schools, seminaries, and many colleges, will find it specially 
suited to their requirements. 

It is substantially univalent to the author's Complete Algebra, 
but is believed to be in many respects better. The arrangement 
and the treatment of the topics have been revised, and fuller 
explanations have been given. It is more complete than the 
School Algebra, inasmuch as it takes up the topics usually included 
in higher Algebra. It gives a fuller treatment of the simpler ele- 
ments of Algebra than the College Algebra, and not so elaborate a 
treatment of the more advanced portions. 

In a word, the Higher Algebra provides in a single hook a complete 
course parallel to the" course provided by the School and College 
Algebras together. 



DaTis Oarber, Professor of Mathe- 
matics and Astronomy, Muhlenberg 
College, Allentown, Pa. : It seems to 
meet the wants of a general college 
coarse better than any of the 
anther's other works on the same 
subject. With its elementary and 
advanced parts, its excellent arrange- 
ment and clear treatment of topics, 
it is certainly a very desirable text- 
book. 

David Eugene Smith, Prof, of 
Mathematics, State Normal School, 
Ypsilanti, Mich,: As a one-volnme 
work, intended for advanced stu- 
dents, I do not think that it has any 
superior. It embodies all of the sub- 
jects of general algebra that are 
really necessary for higher work. I 
can commend it highly as an unex- 
celled textrbook. 



L. 7. Bickford, Daniel Baker 
College, Brownwood, Texas: One 
could scarcely see room for improve- 
ment upon Wentworth's Algebras 
as previously published, but the 
author in his Higher Algebra has 
solved the problem of improvement 
with remarkable success. In methoc^ 
and matter, and logical arrangement, 
and in vigorous analysis, it is well 
nigh perfect, and it easily leads as a 
text-book. 

MUton L. Comstook, Prqf, of 
Mathematics, Knox College, 0<iles- 
burg, Bis.: The explanations are short 
and to the point always; the exam- 
ples are numerous and well selected, 
and the general scope of the treatise 
is ample for the demand of a college 
course. 



